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** Sono gid molti anni cK io porto opinione eJ^ 
le fehhri intermittenti vengono prodotte da parasiti 
che ne rinnovano Vaccesao alV at to delta loro ripro- 
duzioncy la quale succede piu o meno presto aecoiido 
le diverse loro specie.*^ 

Raaori (I7G6-I837); conversation mth Bassi, 




Introductory remarka. — A brief history of the development of onr knowl- 
edge ooncoming the pathogenic agent of the malarial fevers. 

Ik the following lectures I ehall endeavor to place before 
you a fiummary of the ])resent status of our knowledge coii- 
ceming the malarial fevers. There are few diseaees toward 
the comprehension of wliifh greater advances have been made 
witliin tlie last fifteen or sixteen jears, and yet it is surprising 
how slow the general medical public haa been in appreciating 
the true significance and value of the results which have fol- 
lowed Laveran's discovery of the malarial parasita. 

Much of the work of recent years has gone to eonfirm the 
accurate observations of such men as Morton, Sydenham, 
Lancisi, and Torti. But since the clear descriptions of some 
of these early observers tlie term "malaria" has come to be 
applied in so loose a manner to go great a variety of different 
pathological conditions that it has been difficult for many 
physicians to realize that malarial fever is in fact a disease as 
sharply defined and as easily recognizable as pneumonia, pul- 
monary tuberculosis, or diphtlieria. 

It is high time, however, that these facts should be under- 
stood and appreciated by all iatelligeat medical men, and I 



2 LECTUEBS ON THE MALARIAL PEVEBa 

trust that in the following remarks I may succeed in convinc- 
ing you of the satisfactory basis on which these assertions are 
made. 

The malarial fevers have been described from the earliest 
times. They were, however, throughout the older writings, 
included without distinction among various other febrile pro- 
cesses, more especially typhus, typhoid, and relapsing fevers, 
and the different septic infections. It was not until some 
years after the introduction of quinine that Torti * succeeded 
in distinguishing among these fevers a special class which 
yielded to this drug. To the fevers yielding to quinine — 
fevers mainly characterized by their intermittence and more 
or less regular periodicity — the term " malarial " came to be 
applied. 

The anatomical distinction between malarial and typhoid 
fevers in particular — ^two diseases which are so frequently 
confounded — ^became definitely established early in this cen- 
tury through the discovery of the intestinal lesions in typhoid, 
and by the recognition of the association of melanosis of the 
organs with malarial fever. 

Clinically, the distinction of the malarial fevers from those 
of other nature by the so-called therapeutic test is, as we shall 
see from further consideration of the process, in the main 
reliable. 

To-day, however, in the light of our present knowledge, 
we are able to distinguish the malarial infections from other 
febrile processes, however similar their clinical manifestations 
may be, not only by their behavior under treatment with qui- 
nine, but also by the presence in the blood of the specific 
parasites discovered in 1880 by Laveran. 

* Therapeut. spec, etc., 4to, Mutiny, 1712. 
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Despite this fact, it ib a melancholy truth that a lai^e 
body of medical men in this country have scarcely passed 
beyond the limits reached by Hippocrates in their clinical ap- 
preciation of the continued fevers. The term "malaria" is 
used very commonly to describe any continued or irregalar 
fever the nature of which is not wholly clear. And the term 
18 applied indiscriminately not only to fevers hut also to a 
variety of non-febrile conditions, most of which have no rela- 
tion to true malarial infection. 

This fact has greatly impaired the value of our statistics 
with regard to the continued fevers. A glance at the vital 
statistics of a few of the larger Eaetem cities reveals a state 
of affairs which is little less than appalling. 

Thus in New York city during the six years ending in 
1890 the statistics show : 

Deaths from malarial fever 2,00(1, or 24-62 per 100,000 of 
average population. 

Deaths from typhoid fever 2,031, or 24-27 per 100,000 of 
average population. 

In Brooklyn for the same period of time there were : 

Deaths from malarial fever 1,413, or 33-62 per 100,000 of 
average population. 

Deaths from typhoid fever 1,002, or 23-13 per 100,000 of 
average population. 

During the same years there were reported in Balti- 
more: 

Deaths from malarial fever mi, or 41-51 per 100,000 of 
average iropnlatiun. 

Dortths from typhoid fever 904, or 40-17 per 100,000 of 
average population. 

It may he stated with certainty that these statistics are 
■Iniost absolutely incorrect. 
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4 LECTURES ON THE MALARIAL FEVERS. 

Let UB consider for a moment the condition of afiEairs in 
Baltimore. During a period of somewhat over seven years 
since the opening of the Johns Hopkins Hospital, two of the 
years being included among those during which the above- 
named census statistics were compiled, there were : 

Deaths from typhoid fever, 48. 

Deaths from malarial fever, 3. 

In other words, there was, in the hospital, a proportion of 
sixteen deaths from typhoid to every one of malarial fever, 
while outside the deaths reported from malarial fever were in 
excess, the proportion being as 1*01 is to 1. It is probably 
safe to say that 90 per cent at least of these deaths reported 
as from malarial fever were due to some other cause — in most 
instances, probably, typhoid. If this be true of Baltimore, 
which is situated in a malarious region where relatively severe 
infections are not altogether uncommon, what must we think 
of the condition of things in Brooklyn, for example, where 
only the milder forms of malaria prevail, the few fatal cases 
representing probably the occasional instances of pernicious 
fever brought from Panama and the tropics by incoming 
steamers ? 

The term " malaria," as it is now used, is unscientific and 
inexact, and leads to much confusion. Used, however, prop- 
erly, and better in a qualifying sense (as " the malarial fevers "), 
it distinguishes a class of fevers due to a specific micro-organ- 
ism, fevers which yield, always, to treatment by quinine ; to 
this class of diseases alone may the term be properly ai)p]ied. 

We have in this country been lamentably btickward in 
fully a])preeiating the clinical value of the advances in our 
knowledge concerning this disease, which have followed Lave- 
ran's discovery of the parasite sixteen years ago. 
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THE PATHOGEKIO AGENT OF THE UALABI&L FEVERS. 

The idea that the malarial fevers are of paraeitic origin 
is very old, Varro {b, o. 118-29)* says: " Advertendam 
etiam si qua eniDt loca palustria et propter easdem cauaas, et 
quod arescunt, creecunt animalia qucedam minuta, quae non 
poBsunt oculi coDseqai, et per aera intus in corpus per ob, ac 
nares perveniunt, atque efficiunt difficilea morbos," Morton,t 
in tlie seventeeiitli century, maintained that tlie disease was 
engendered bj marsli air. This air, charged with lietero- 
geneous poisonous [mrtiules, and the autumn season witli cold 
mornings and evenings, were, according to him, the causes o£ 
the malarial infection. 

This theory was accepted "in 1710 by Laneisi,t and after- 
ward by Rasori and a number of other observers. 

Lancifii believed that the disease was due to animalcula 
arising from putrefa<?tive processes in the vegetable matter of 
swampy districts ; these were inhaled and capable of entering 
the blood and multiplying there, thus giving rifie to the patho- 
logical symptoms. This theory had many adherents ; indeed, 
at the be^nning of this century the idea had become so gen- 
erally implanted in the public mind that the supposititious aiii- 
malcnla had become known in Italy by the definite name of 
" serafiei." 

Bassi* reports that Rasori in a conversation expressed, 
himself as follows : " For many years I have held the opinion 
that the intermittent fevers are produced by parasites which 



* De Re RoBtica, lib. i. cap. 13. 

t Pyretologia opera meiiica, 4to, GoneviE, 1696, 

t ^ noiiis patudum oQIuviLi, lib. ii, Rumu. 1717. 

" Dlscorai Bulla NatiiraeCurudellft Pellagra, etc., Milano, tip. chiiisi, 1846. 
Rofurred to by S. Culandruccio, " AgosUno Bassi di Lodi, il loiidftlorB della 
teom parasltaria, etc.," Catania, 180S, 70, 
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renew the paroxysm by the act of their reproduction, which 
occurs more or less rapidly according to the variety of their 
species." 

Virey believed the disease to be due to infection with in- 
fusoria. Boudin * believed that the fever was caused by the 
inhalation of poisonous volatile principles given off by certain 
plants which grow in the marshes. 

In 1849 J. K. Mitchelljf of Philadelphia, suggested that 
the disease was due to spores which were found in large num- 
bers in marshy districts. The same idea was held by 
Mueliry.:|: 

Lemaire * studied the vapor collected just above the sur- 
face of the marshes in Sologne, a malarious district. Finding 
that the air here contained a marked excess of micro-organisms 
of various sorts as compared with that in a neighboring healthy 
district, he inclined to the view that these lower organisms 
had a close causal connection with malarial fever. 

Bouchardatll believed that the process resulted from the 
inhalation of poisons produced by microscopical animalcula 
which flourished in the swamps. 

Later, in 1866, Salisbury ^ described small vegetable cells 
of the family of Palmdla^ which he asserted he found in the 
urine and sweat of patients with malarial fever. These he 
believed to be the pathogenic agent. His communications 
excited considerable interest and attention ; indeed, there are 



* Trait6 des fidvres intermittentcs, etc., Paris, 1842. 
t On the Cryptogamous Origin of Malarious and Epidemic Fevers, Phil- 
adelphia, 1849. 

X Die geographischen Verhftltnisse der Krankheiten, etc., Leipzig and 

Heidelberg, 1856, pp. 124 et seq. 

« Compt. rend, de I'Acad. des sc., s6, du 17 aoftt, 18G4, xlix, p. 317. 
I Annuaire de th6rapeiitique, 1866, p. 299. 
A Amer. Jour. Med. Sci., January, 1866. 
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observers to-day wlio with singular blindness etill cling to tbe 
wholly grouudloes supposition of Salisbury. His views were 
satisfactorily controverted by Wood * in 1868. 

Binz,'t' in 18fi7, noted that tlie efficacy in malarial fever of 
{{uinine which he had shown to be an active protoplasmic 
poison, pointed to the possibility that the disease was due to 
infection with lower organisms. 

During the nest tea years a considerable number of com- 
mnnications appeared in which various forms of vegetable 
life — ^mainly algse — were regarded as the causal element of 
the malarial fevers. 

Lanzi and Terrigi, in 1875, described bacteria which they 
believed to be the cause of tbe mahirial infection. 

It remained, however, for Klebs and Tomassi Cmdeli,$ 
in 1879, to first exdte a world-wide interest and a really ex- 
tensive belief in the bacterial origin of the malarial fevers. 
These ohservora found in the soil of malarious districts, cer- 
tain bacilh which they cultivated and injected into animals, 
convincing themselves that they wore able to reproduce tbe 
symptoms of malarial fever. Their researches were carried 
on with enthusiasm by Scbiavuzzi and others, and despite the 
fact that practically all other careful observers have failed to 
demonstrate any conclusive connection l>etween these bacilli 
and malarial fever, the general belief in the validity of the 
conclusions of Klebs and Tomassi Cnideli was so strong, that 
within twelve months of tbe time of writing, an editorial 
article appeared in one of tbe leading English medical 
journals referring to the connection between the bacillus of 

• Amer. Jour. Med. Sci., 1S68, voL Ivi. p. 333. 

t (n) Centralhl. (. d. med. Wis?.. Berlin. 186T, S. 808: (*) M. Sc-hultze'a 
Archlr f. mikr. Anat.. Bd. iii. S, 883. 1»IT. 

t Studien Qbcr dto Ursache doa WccIijHjlflebeca und nber diu NaLut der 
HalorU, Arch. t. wtp. Path. u. Pharmak., 1870, ai, 311. 



8 LECTURES ON THE MALARIAL FEVERS. 

Klebs and Tomassi Cmdeli and the malarial fevers afi a settled 
fact. Let it be enough, however, to say that repeated re- 
searches in this Une have clearly demonstrated the fallacy of 
the original ideas of these observers. 

The parasite which is now generally recognized as the 
cause of the malarial fevers is not a bacterium, but belongs 
to the protozoa, and more closely to the class of sporozoa. 
Its further classification is not definitely settled; some of 
the theories concerning this question will be referred to later. 
These organisms live in the blood of the infected individual, 
attacking the red corpuscles, developing in their interior, 
accumulating dark pigment granules derived from the altered 
haemoglobin, and eventually destroying the red elements, 
from the surrounding shell of which they burst at the time 
of their sporulation. 

The parasites were discovered in 1880 by A. Laveran, a 
French army surgeon, who was pursuing a systematic study 
of the malarial fevers at his post at Constantine, in Algeria. 

As is so frequently the case in scientific discoveries, these 
bodies had been frequently seen, and indeed described, years 
before they were recognized as parasites by Laveran. Thus, 
Meckel * in 1847, not only described pigment in the blood of 
a patient dead of malarial fever, but noted further that it was 
contained for the most part in round, ovoid, or spindle- 
shaped protoplasmic masses, which were, ])eyond a doubt, the 

malarial parasites. 

In the following year Virchowf described and clearly 
pictured certain forms of the malarial organisms ; it must be 
said however, that ihe parasitic nature of these bodies ap- 
pears never to have been suspected. 

♦ Zeitschrift fllr Psyohintric, 1S47, 198. 
t Virchow's Archiv, 1849, ii, 587. 
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It remained for Laveran to recognize the fatt that these 
pigmented elements represented living paraaites. This ob- 
server was stationed in 1879 in Algeria, where he took upon 
himself the task of investigating the malarial fevera. In 
November, ISSO, while etadyuig the blood of a patient suffer- 
ing from malarial infection, his attention was attracte,-! by one 
of these pigiuentcil bodies from which there extended several 
actively motile filaments. The dancing of the pigment 
granules within and the active serpentine motion of the fila- 
ments were bo striking as to convince the observer immedi- 
ately that he was looking upon an animate object. In the 
same month a preliminary communication was made to the 
Academy of Medicine in Paris ; * this was rapidly followed 
by B number of other communications. 

In 1S81 Laveran published a small monograph f in which 
he described his ol>servations at length. The bodies which he 
had noted were small, colorless, pigment-containing elementa 
varying in size from one sixth that of a red blood-coi-pusele 
to nearly an equal volume. The smallest contained but one 
or two fine, dark bil« of pigment, while the larger, which 
were at times nearly the size of a leucocyte, contained 
numerous actively motile granules. These bodies he believed 
to be attached to the red corpuscle, at the expense of which 
they grew and accumulated pigment. 

He abo noted larger bodies, crescentic or ovoid in form, 
dit or nine micromillimetrcs in length by three micromilli- 
B in diameter, whicli were quite transparent and color- 

, excepting for a group of rounded pigment granules 
lying near the middle, or more rarely collected toward one 
end of the body. Sometimes the granules were arranged in 




' Bull, do racnd. de mcil. ile Paris, si. du 23 Nov., 1880. 

t NMiire pwasiUiire dea acciUuoIs de rimpaJudisiue, etc., Sro, F«ris, 1881. 
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the shape of a crown or wreath. At times the extremities of 
the crescentic bodies were connected by a pale curved line. 

He noted, further, circular bodies about six micromilli- 
metres in diameter with a collection of rounded pigment 
granules in the middle arranged in the form of a ring or 
wreath. At times these bodies might be seen to become ex- 
tremely active, suddenly developing from three to four fine 
filaments with active serpentine motion, stretching out from 
the periphery. According to Laveran these pigmented bod- 
ies represent different stages in the existence of the para- 
site, the earlier forms being small cyst-like structures within 
which are contained the motile filaments which represent the 
organism at the stage of most perfect development. 

These observations were confirmed by another French 
army surgeon, Richard,* studying at Philippeville, in Algeria. 
He went a little further than I^averan in that he recognized 
the youngest form of the parasite as a small, clear, non- 
pigmented spot in the corpuscle, and, moreover, in that he 
described round forms of the parasite in which the pigment 
had collected toward the middle into a single clump, from 
which delicate radial striations might be seen extending out- 
ward. In a second publication f he differed from Laveran 
in asserting that the parasite develops within rather than 
upon the red corpuscle. 

During the first four years after Laveran's discovery the 
public remained almost entirely unconvinced, much more cre- 
dence being given to the work of Klebs and Tomassi Crudeli, 
which has been referred to above. 

In the meantime Marchiafava and Celli, studying in Italy, 

• Compt. rend, des s6. de TAcad. des sciences, 20 fev., 1882 ; also Gass. 
m6d. de Par., 1882, 6 s.. iv. 252. 

t Rev. scientiflquc, Par., 1883, 113. 
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had observed aod pictured tlie parasites, believing tliem to 
represent areas of degeneration within the red cells; it is, 
moreover, interesting to note that, despite tlie fact that 
Laveran visited Home and demonstrated the parasite to one 
of these observers, they remained unconvinced until they 
themselves began the study of freeh specimens. 

In 1885, however, Marchiafava and Celli * began a series 
of most fruitful and valuable contributions upon this sub- 
ject. They described with great accuracy the small, non- 
pigmented forms of the parasite. They noted that these 
forms, which were especially frequent in the more severe 
Roman fevers, were actively amteboid when observed in the 
fresh blood. 

They proposed for the organism the unfortunately chosen 
term "plasmodiura inalarise." Biologically, the term Plas- 
modium has a perfectly well -recognized meaning; it is ap- 
plied to large multimiclear ma.'^ses of protoplasm. Such a 
structure is wholly different from the small hyahne amceba 
of malaria, and tlio use of the term as applied to the latter 
body is injudicious and misleading. It is most desirable that 
this term, which is not yet too deeply implanted in medical 
usage, should be eradicated. 

Since 1885 all students who have had a proper oppor- 
tunity to investigate malarial blood have confirmed the obser- 
vationa of Laveran in the main, and the diagnostic importance 

• (a) Arch, ppr le m>. mod,. 1885, \x. No. 15; nlw, FortwhrHle der Med.. 
1885, in, No, 11. U. (6) Fortachrttto der Med.. IWi, iii. No. 34, 787: also. 
Aroh, per le ae. nipd.. 1880; also, Arch. Ital. de B[ol., 1B»7. (0 Bull. d. R. 
■CO. mcd. d. Roin.. 1887. 417. {J) Arch, per le se. med.. 1888. xii. 153 : »1ki. 
Areh. Itttl. de Bitil.. 1888 A., ix. (. 3. (<•) Fortschr. der Med.. 1888, No. 18. 
(/) Areh. pet lu BC. med., 18IH), sir; also. Areh. Itnl. dc Biol., 1890, B02. 
^ Bull. (1. R. nee. med. .!. Rom., iinro svi, 18D0, 287. (A) Aroh. per le so. 
med,, liv. 181)0, 44ft. (<) Bull. d. R. ace. med. d. Rom., IBSO-'DO, (. il. 
(j) PeatBthrift z. R. Virebow's 70. QebiirtsUg, iii, 18B1. 
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of the discovery of the parasite in the circulating blood is 
now generally recognized. 

In this country the earUest observations confirming those 
of the French students were made by Councilman and 
Abbott,* Sternberg, t Osier,:): and James,^ while valuable 
work has been done later by Dock, | and others. 

In 1885, Golgi, of Pavia, made a great advance in the 
study of the malarial parasite by his investigations into the 
life history of the organisms observed in quartan fever.-^ 
His studies led him to the conclusion that quartan fever 
depends upon a specific form of the parasite. The organism 
in its youngest stages is represented by a small, clear, hyaline 
body which lies within^ and not, as Laveran had originally 
supposed, upon the red corpuscle. "Within this corpuscle it 
grows, developing pigment granules at the expense of its host, 
which it gradually destroys. 

At the end of the cycle of existence the pigment granules 
collect toward the centre into a little clump or block, while 
delicate radial striations extend from this toward the periph- 
ery, forming a figure exactly similar to that described by 
Richard in 1882. These radial lines are but indications of 
fissures which later on appear in the substance of the parasite, 
until finally the central pigment block is surrounded by from 
six to twelve delicate leaflets, forming a Marguerite-like figure. 

♦ (a) Amer. Jour. Med. Sci.. April, 1885, n. p., vol. Ixxxix, 41C. {b) 
Transact, of the Assoc, of Amer. Phys., 1880, i, 90. (c) Med. News, Phil., 
1887, i, 59-63. {d) Fortschr. der Med.. 1888, Nos. 12 and 13, 449, 500. 

+ Medical Record, N. Y., May 1 and 8, 1880, 489, 517. 

X (a) Phil. Med. Times, 1880; also, British Med. Journal, 1887, i, 556. 
(h) Me<lical News, Phil., April 13 and 20, 1889. (c) Johns Hopkins Hosp. 

Bull., 1889, i, 11. 

« Medical Record, N. Y., March 10, 1888, 209. 

I (a) Medical News, July 19, 1890, 59. (b) Fortschr. der Med., 1891, ix, 
187. (r) Med. News, May 30 and June 6, 1891, 602, 028. 

A Arch, per le so. med., x, 1880, 109 ; also, Arch. Ital. de Biol., viii, 1887. 
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Eventually these separate leaflets spring away from the 
centra! pigment collection and aaeumo a round or ovoid 
shape, resembling iu every way the small iiyaline bodies 
which at tlie saiiie time may be observed within other red 
cells. 

Golgi thus coufinned a suspicion which had been pre- 
viously expressed by llarchiafava and Celli that these Mar- 
guerite-like bodies represent parasites in the process of repro- 
duction. These investigations demonstrated clearly that the 
quartan parasites present in the blood are aggregated into 
enormous groups, all the members of which are approximately 
at the same stage of development and pass through their cycle 
of existence simultaneously. The length of this cyfile of ex- 
istence is, in the quartan parasite, approximately seveuty-two 
Lours, BO that in infectious with a single group of organisms 
sporulation occurs every fourth day. 

By carefully comparing the stage of existence of the or- 
ganisms in the circulation with the clinical manifestationa, 
Golgi discovered the remarkable fact that t/ie malarial pa^- 
aeyimi alwaija coincides with, the ajwrvlatitm. of a group of 
paratiit^ti. Thus, in infections with a single group of the 
quartan organism a paroxysm occurs every fourth day. 

In his first publication, however, Golgi pointed out the fact 
that a group of parasites must first attain a certain size before 
it is capable of producing a paroxysm, and in a similar man- 
ner the severity of the paroxysm depends within certain limits 
upon the number of parasites present in the blood. 

It was also noted that often more than one group of the 
parasites may be present at the same time in the circulating 
blood. When tliis is the case the several groups reach ma- 
turity almost invariably on successive days; thus, if two 
groups be present, segmentation occurs on two mcceswTe 
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days, with a day of intennission between ; when three groups 
are present, segmentation occurs daily. 

This observation was partially confirmed within a few 
months by Osier * in Philadelphia. 

In his earliest communication upon the quartan parasite 
Golgi mentioned the fact that in several cases of tertian fever 
he had observed organisms with certain characteristic devia- 
tions from the type already described ; this observation led 
him to suggest that possibly further study might show that 
tertian fever depended upon a different variety of parasite. 
He also noted that in none of these cases of quartan or tertian 
fever had he seen the crescentic bodies described by Laveran ; 
they were present, however, in one case of more or less 
irregular fever. 

This was shortly followed by an equally remarkable series 
of observations upon the blood in tertian fever,f resulting in 
the demonstration of a second variety of the parasite, mor- 
phologically and biologically distinctly separate from the quar- 
tan organism. This parasite also exists in the blood in enor- 
mous groups, all the members of which are nearly at the same 
stage of development ; here, however, the cycle of existence 
lasts approximately forty-eight instead of seventy-two hours. 
In tertian as in quartan infections, more than one group of the 
organism may be present, though more than two groups are 
rarely seen. When two groups are present sporulation occurs 
daily. 

These observations have been almost universally con- 
firmed. Among the more important communications are 



♦ Phil. Med. Times, 1886. 

t (a) Boll, med.-chirurg. di Pavia, 1886 ; also, Gaz. d. osp., 1886. No. 53, 
419. (6) Arch, per le sc. med., 1880. xiii, 173; also, Fortschritte der Med., 
1889, vii, 81 ; also, Arch. llal. de Biol., 1890, xiv, f. i, ii. 
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those of Grassi and Feletti*in Sicily; Antolisei,f Canalis,^ 
Baatiaiielli aud Bignami," Patella,| Marchiafava and Celli,* 
Terai and Giardina, in Italy; of Mannalierg, J in Auetria; 
of Kamen,! in Germany; of Sakliarov, J Titov,** Koma- 
novsky, ft Korolko XX ^^'^ Gotye,*"* in Eussia ; of Keniou- 
chainps, \ |] in Holland ; of Jancso and Rosenberger,'*'' in 
Hungary ; of Osier, ^^ Dock, JJ Koplik, JJ Heweteon, and 
the author, JJ in this country. 

Further etni^ies, however, have i-evealed j'et another dis- 



• (a) CetitrnlbL t. Bakt.. 1890, vii, SIW, 430; also. RlTormft uiedica. 1800, 
No. 11, 03. and No. 50, 296; also, Arch. IWl. de Biol., 1890, 887-2113. (6) 
Ceniralbl. f. Bakt., 1891, ix, 40.^, 429, 4ei. (e) Ceniralbt. t. Bakt.. 18S1, x. 
No. 14. 448. (d) Arch. Ital. lii clin. iiied., Mikiio, 1894, Jtiiiii. 207-265. 

t (o) Rifoniia medica, 1800, Noe. 12 and 13, pp. 68, 74 <i) Biforma 
raedica. 1890. Nos. 26 and 27. Feb. 1 and 3, 183, 1G8. 

t Arch. i)er le so. med., 1890, liv, f. 1, No. 5, 73; also Fortschrilta der 
Med., 1800, Noa. 8 and 9 ; also. Arch. llal. de Biol.. 1890, liii, 263. 

■ Bifomia niedica, 1800, Nns. 144-146, pp. 860, 866, 873. 

I Atli e randi(!onti delln oco. ined.-<;hirurg. di Perugia, ii, 1890, SO. 

' Bull. d. R. ace. med. di Roma, xvi. May 4, 1890. 387. 

a Arc-li. lUl. de Biol., 1801, lfi7. 

J Die Malaria Parasiten, Wien, 1803, 8to : also (English translalion). The 
New Sydenham Society, vol cl. Ixindon, 1894. 

$ (o) Beitt«e<j t. path. Anat., e|p„ Jena, 18flS, xi, II. 3. 375. (i) Beitrfi^ 
t. path. Anat.. etc, Jena, 1893. lii. S7-M. 

t Acts of the Imp. Acad, of Med. of the Cbtichsus, Tlflis. 1890, No. 50 
(RoB^ian); (ref.) Cetilnilbl. f. Bakt., etc., 1800, ii, 16. 

•• Cent (. Bakt.. 1801, i*. S84. 

tt 8L Petersburger med. Woeh., ISDl. No*. 34 and 3ri. 

jj Vraoh, 1891, No. 46 (Ilussian) : ref. in Centr, f. Bakt.. 1802. li, 513. 

•* Paraiilie I«veran'a. 8°. Moskva, 1898 (Russian). 

DWeekblad ran hct med. Tijdschr. voor Gcnecsh., December 16,1803, 
No, 24. 849. 

'^ {a) Pest, inpd.-rhir. Presse. 32. Jahr. March 1 and 8. 1896. Nos. and 10. 
(6)PesL raed..ehir. Prp^so. 33. .lahr. No. 34, p. 704. (c) Ueutjfch. Arch. L 
klio. Med., 1»00. Bd. Ivii, p. 440. 

a Op. fit. 

« Op. cil. 

a New York Med. Jnur.. 1803., 315 

tt Johns Hopkins Hospital Keports, 1605, Tul. v, p. 1, 
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tinct form of the malarial parasite. Golgi, in 1885,* called 
attention to the fact that in the blood of the one case of ins- 
ular fever which he examined there were found only the eres- 
centic and ovoid bodies of Laveran, forms which were not 
present in any of his other cases. In view of this fact he 
suggested tliat these elements might represent a third type 
of the organism having a special cycle of existence differing 
from those already described. These organisms liad also been 
described by both Laveran and Marcliiafava and Celli, who 
found them with much greater frequency than did Golgi. 

Marchiafava and Celli^f it will be remembered, found 
many cases in which the blood showed only small amoeboid 
hyaline bodies — ^their " plasmodia." Laveran and the Italian 
observers had, however, been working in districts where, at 
the height of the malarial season, a large proportion of the 
cases are of a very severe, more or less irregular or contin- 
uous type, while Golgi, in Pavia, met only with the milder, 
regularly intermittent forms of the disease. 

Thus it gradually became evident that there was a class 
of cases where the blood contained only the small hyaline 
amoeboid bodies with perhaps a few fine granules of pigment, 
associated, often, with the large ovoid and crescentic bodies 
of Laveran, while in some cases only the latter forms were to 
be found. 

Councilman,^ in 1887, was the first to hint at the practical 
diagnostic value of this fact. He says: "The character of 
these bodies varies in different forms of the disease. Al- 
though they seem in rare cases to nm into one another, still, 
in general, we can say that where the plasmodia inside the 
red corpuscles ^ are seen the patient has intermittent fever, 



♦ Op. eif. t Op. cit. X Op. cit. 

• lie refers hero to the large pigmented, probably tertian forms.— W. S. T. 
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and where the creaceiitic and elongated masses are found he 
has either some form of remittent fever or malarial cachexia. 
. . . We are not only enabled to diaguostieate the disease as 
Bach, but in most cases the particular form." 

In 1889, on the baais of observations of several cases 
with irregular symptoms, Golgi suggested the association of 
these parasites with fevers with long intervals between the 
paroxysms. He believed that the cycle of development be- 
gan with small hyaline bodies and passed through the eree- 
ceiitie and ovoid stages; its duration was unusually long — 
lasting ten days or more. He was, however, unable to trace 
the entire life history of the parasite, havmg never seen 
sporulating forms, and advanced this idea merely as an hy- 
pothesis. 

In the fall of the same year, however, Karchiafava and 
Celli * and Canalis f almost simultaneously published articlea 
describing the life history of the organism found in the severe 
eestivo-autnmnal fevers of Rome. These fevers differ materi- 
ally from the regularly intermittent tertian and quartan ague 
which, prevailing in the milder malarial district*, formed a 
great majority of all the cases which came un<ler Cxolgi'e 
eye. The regularly intermittent fevers pursue a character- 
btic cyclical course, are never pernicious, ami yield rapidly to 
quinine, while the more severe sestivo-autumnal fevers of 
Home are much more acyclical in their manifestations, tend 
frequently to become pernicious, and are more resistant to 
quinine. 



• Op. eil. 

t (a) Arch, per 1b sc. med., 1890, liv, t. 1. No. 5, 73 ; also. Fortsohr. i 
Med.. 1800. Nos. 8 and 6 ; also, Arch. Hal. de Btol., 1890. xiii. 203. (b) Lo 
Spailanzuni. 1890, 172. (e) Arch, per b sc. mod.. 1800. f. 8. 33S. (iJ) Intorno 
K receiiti lavori sui parossitl della malaria, Svo, Roma, ISOO. 
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Both Canalis and Marchiafaya and Celli noted a special 
variety of the organism differing distinctly from the tertian 
and qnartan parasites, a variety which was apparently defi- 
nitely associated with these sestivo-autumnal fevers. In 
many respects their descriptions are quite similar, and un- 
questionably relate to the same type of organisms which 
Golgi believed to be associated with fevers with long inter- 
vals. 

They both believed that the parasites exist in the blood 
in groups, just as in tertian and quartan fever. They note 
that the forms most frequently found in the blood are small 
hyaline amoeboid bodies which often tend to assume the shape 
of a ring, and rarely contain more than one or two minute 
pigment granules. In most instances, indeed, these parasites 
are quite free from pigment. During the cycle of develop- 
ment a few small granules appear, which eventually collect 
into the middle of the parasite as a very small group and 
finally fuse into a block. The body then undergoes segmen- 
tation much as does the tertian or quartan organism. The 
parasite of sestivo-autumnal fever is, however, much smaller, 
often less than half the size of the red corpuscle. Marchia- 
fava and Celli in particular note the fact that many of 
the red corpuscles containing these small parasites become 
shrunken, crenated, and brassy colored. 

Now in quartan fever all stages in the life history of the 
parasite are seen with equal frequency in the peripheral circu- 
lation, while in the majority of cases of tertian fever the same 
general rule holds, excepting that at the time of segmentation 
the bodies tend to accumulate in the internal organs. In in- 
fections with the flestivo-autumnal parasites, however, only the 
earlier stages of the cycle of existence of the organism are to 
be found in the peripheral vessels, while segmenting forms 
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are rarely seen excepting in the blood o£ internal organs, the 
Epieon, liver, bone marrow, brain. 

Both these observers noted, in this type of fever, the 
presence of tlie crescentic and ovoid bodies originally described 
by Laveran, and recognized the fact that they develop from 
the small hyaline forms, both asserting that tliey do not 
appear until the clinical sjmptoDis have lasted for some days 
or weeks. The interpretation of the significance of tliese 
bodies offered by Canalis and Maithiafava aud Celli differs 
considerably. 

Thus Canalis distinguishes two distinct cycles in the life 
history of the parasite : 

(1) A more rapid cycle similar to that ftl)ove described, 
and lasting, he believes, not less than two days on the average, 
though it may be as short as twenty-four hours, 

(2) A slower cycle associated with the development of 
crescentic bodies, in wluch he believes he has made out seg- 
menting forms ; an observation which, however, few succeed- 
ing students have been able to confirm. Tins cycle lasts a 
much longer time, varying, he beheves, in diferent cases. 
The period elapsing from the beghming of the amoeboid stage 
to the appearance of the crescents is not less than three or 
four days. 

Marchiafava and Celh, on the other hand, considered that 
the cycle of existence of the parasite from the youngest forms 
to the segmenting bodies lasted a varying length of time be- 
tween twenty-four and thirty-six hours. In some instances, 
with very rapid development, the parasite nndergoes early 
segmentation before the accumulation of any pigment. They 
have never observed evidences of segmentation in the cres- 
centic bodies. 

A large number of confirmatory observations have lieen 
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made, the more important commanications coming from 
AntoILsei and Angelini,* Patella,t Temi and Giardina,^ Bas- 
tianelli and Bignami,^ Sanf elici, I in Italy ; Grassi and Feletti,-^ 
in Sicily; Sakharov,^ Korolko,J Titov,^ and Gotye,^ in 
Knfisia; Mannaberg,** in Austria; Plelmff and Kamen,:]:^ 
in Grermany ; Dock,*^^ Koplik, | [ Ilewetson, and myself,-*^ in 
the United States. 

The main point of difference has been in the interpreta- 
tion of the crescentic and ovoid bodies. It is generally ac- 
knowledged that these arise for the most part in the internal 
organs, particularly in the spleen and bone marrow, and may 
appear in the blood from the fifth day on, but usually not be- 
fore the end of the first or the beginning of the second week. 
It has been noted that while all other forms of the organism 
disappear rapidly under treatment by quinine, the crescents 
alone are very resistant, remaining in the circulation in some 
instances for months. 

Antolisei and Angelini, Temi,^^ Grassi and Feletti, and 
Sakharov agree ^vith Canalis in believing these bodies capable 
of segmentation, the latter two observers classifying them as 
a special variety of the parasite. The majority, however, 
assert that the crescents are incapable of proUferation by 
gponilation, and suspect that they are sterile bodies, some 
holding that they constitute a more resistant form of the 



♦ (a) Arch. Ital. d. clin. med.. 1890, 1. {b) Riforma medica, 1890, 320, 
326, 332. 

+ Op. n't t Op. cit. 

» Riforma medica, 1890, 1334, 1340. 

I Fonschr. d. Mod.. 1891. ix, 49i>, 541, 581. ^ Op. eit. 

(a) Op. cit. {b) Aim. do I'institute Pasteur, 1891, 445-449. 

J Op. cit. i Op. n't. 4 Op. cit. 

♦• Op. cit. tt Virch. Archiv, 1892, cxxix, 285. tt Op. eit. 

*• Op. cit. 1 1 Op. cit. ^ Op. cit. 

^J Gaz. d. osp., Milano, 189G. xvi, 3. 
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organism cfipable, perhaps, of furtlier development outside of 
the body. 

Mareliiafava and Bignami * have gone further, distinguish- 
ing two varieties of the Bestivo-autnmnal parasite, one with a 
shorter cycle of existence, lasting abont twenty-four hours, 
and another with a longer cycle, lasting about forty-eight 
hours. The general characteristics of tlie parasites are very 
ramilar ; the main differences consist in the larger size of the 
tertian parasite, itB slightly greater activity, and the fact that 
the number of segments is more abundant than in the quotid- 
ian organism. Both organisms develop crescentic forms after 
a certain length of time. 

Golgi, in lS93,t studied the sestivo-autumnal parasites in 
BaccelH's clinic at Rome, and, while recognizing distinctly 
the association of a third variety of tlie organism vntii the 
more irregular lestivo-autumnal fevers, he believes that there 
are many points yet to be settled in relation to its life history, 
and that we are at present by no means justified in distin- 
gaishing two separata varieties. 

It was early noted by Marchiafava and Celli and Canalie, 
as well as by subsequent observers, that only the early stages 
of the cycle of existence of the jestivo-autumnal parasite are 
found in the peripheral circulation ; the later stages, and par- 
ticularly the segmenting forms, are observed only in the in- 
ternal organs. 

Golgi goes further than this, asserting that in iestivo- 
antumnal fever the forms found in the peripheral circulation 
are practicaJly accidental ; that the main seat of the infection 



• Bull, (1. R. aco. med. d. Ramn, sviii, (. v, 387 : nlso (English tmtisln- 
tion, with notes nnd ftpptndices by the authors), The New Sydenhnra Society, 
vd. el, London. 1804. 

t Arch. Ital. de Qiul., 1893. », 388. 
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is in the internal organs. He advances the interesting theory 
that in the internal organs, more particularly in the spleen and 
bone marrow, the parasites may develop within the bodies 
of phagocytes. The youngest forms often cause a rapid 
necrosis of the red blood-corpuscle, which becomes brassy 
colored and slirunken, and is engulfed by the phagocyte; 
within this the parasite continues to develop, destroying 
eventually both its hosts, and escaping again after segmenta- 
tion. A few of these young forms reach the general cir- 
culation in much the same manner as nucleated red cor- 
puscles appear during active blood regeneration. They are 
an index, almost constant though '^noii iieceasarie^^ of the 
infection. 

Golgi also hesitates to believe that the parasites of aestivo- 
autumnal fever are, with any regularity, arranged in groups ; 
he maintains that organisms in all stages of development are 
usually present at one time. 

Gotye also recognises but one variety of the sestivo- 
autumnal parasite, an organism possessing a cycle of devel- 
opment lasting about forty-eight hours. 

Thus the majority of observers have distinguished sharply 
three main forms of the parasite : 

{(i) The parasite of tertian fever. 

(J) The parasite of quartan fever. 

{c) The parasite associated with the more irregular aestivo- 
autumnal fevers. 

This third variety has been subdivided by numerous ob- 
servers. Grassi and Feletti distinguish three separate para- 
sites in this group : 

(1) The llcemainaiba prceeox^ g^^^^g rise to quotidian fever 
with a tendency to anticipation. 

(2) The Ilcemamoeha immaculatu^ which is similar to this 
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except that it runs ita course more rapidlj without the devel- 
opment «f pigment. 

(3) The Laveraiiia inaljirlcb. (The crescentic and ovoid 
forms.) 

SakLarov distinguiBhes — 

(1) The Hamamt^a prtBcox ((xrassi). 

(2) The Laverania (Grassi). Theise be believes to be 
separate organisms. 

Marcbiiifava and Bignami distingniah — 

(1) The quotidian parasite. 

(2) Tlie malignant tertian parasite. 
Mannaberg subdivides this group into — 

(1) The pigmented quotidian parasite. 

(2) The unpigmented quotidian parasite. 

(3) The malignant tertian parasite. 
Hewetson and I have been inclined to regard all the 

sestivo-autumnal organisms as a single variety of the parasite, 
an organism whoso cycle of development varies between 
twenty-four hours or loss and forty-eight hours or more, ac- 
cording to various circumstances, depending partly on the 
organism, partly oti the affected individual. 

In a following lecture I shall enter more minutely into the 
characteristics of tlie forms of the parasite obsen'ed in thifl 
country. 

While the great majority of observers have recogiiizetl the 
existence of these different types of parasites and their asso- 
ciation each with special types of fever, it remains yet a 
wholly unsettled question whether they are varieties of one 
parasite, types which may be modified, perhaps, by external 
Burrouudings, or whether they represent separate and distinct 
species of closely allied organisms. 

From our observations I can only say that while there are 
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facts which might suggest that the types of the organism are 
interchangeable, I have never seen the slightest actual evi- 
dence of such change. 

It should be stated that Laveran is a vigorous opponent of 
the idea of the existence of more than one actual species of 
parasite ; still more than this, he hesitates to accept the regu- 
lar association of certain types of the organism with certain 
forms of fever, although in a recent paper * he says, " I do 
not dispute that this or that form of parasite is found more 
often in one clinical type than in another." 

The Finer Structure of the Parasite, — Numerous re- 
searches concerning the staining reactions and the intimate 
structure of the malarial parasites have been made, but the 
results are, unfortunately, as yet rather indefinite. 

Colli and Guamieri,t who first studied the subject in speci- 
mens colored with methylene-blue dissolved in ascitic fluid, dis- 
tinguished a deeper colored ectoplasm and a pale endoplasm. 
In the endoplasm they were able to make out a palely stained 
body, or sometimes one or more sharply staining points which 
they believed to represent the nucleus. 

Grassi and Feletti % described the clear, more palely stain- 
ing area as a large vesicular nucleus which contains a deeper 
colored nucleolar mass situated more or less excentrically. 

Romano vsky^ also believes that the small spot which is 
noted generally toward the periphery of the ovoid or round 
clear area in the stained parasite, represents the chromatic 
part of the nucleus. Both he and Grassi and Feletti describe 

* L'etiolopie du paludismc, Proceedings of the Congress of Hygiene at 
Buda-Pesth, Kevue scientif., October 13, 1894. 

f Arch, per le sc, med., xiii, 1889, 307 ; also, Fortschr. d. Med., 1889, vii, 
No. 14, 521. 

% Op, cit, 

« (a) Vrach, 1890, No. 52 (Russian), (ft) Op. ciU 
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the breakinf^ up and division of tUis email deeply gtaining 
body at the time of sogmeiitation, the former believing that 
he sees evidences of karyukinesie, Romanovsky's observations 
were made upon the tertian paraeite, while CrroBsi and Feletti 
atndieil the (quartan organism. 

Communications apparently confirming Komanovsty's ob- 
servations liave recently been made by Geppcner (Ileppener)* 
(Russian) and Ziemannf and Gotye4 

Sakliarov * also interprets the pale area and the more 
deeply staining spot in the same manner. 

Mann:il)erg [ describes the behavior of the nucleus in the 
tertian parasite at considerable length. The deeper staining 
dot in the pale area he believes to be the nucleolus. The 
nucleolus, lie says, grows with the parasite, and, just before 
aeg mentation, disappears, passing out apimrently into the 
substance of the organism. With segmentation there begin 
to appear within the nuclear substance small deeply staining 
dots which represent nucleoli, about which new spores event- 
ually appear. 

Bastianelli and Bignami,-^ studying the festivo-autumnal 
parasite, conclude that one can not rect^ize in tliis variety 
of organism any body which has the various constituents of a 
true nucleus. Th3 granular bodies of chromatin which form 
part of the cytoplasm and become dissolved in it when the 
body is ready for reproduction represent that part of the para- 
site which perfonos the function of the nucleus. 



• HedilEinsk. Prihnv., etc. St. Petereburg, 18B0, 
t C'entr. (. B»kL, 18B8, Nos. 18. 19. 

t Op. eit. 

" (a) Op. tit. (b) Ama^bm irnUnie hominis. (^tc.. Svo, TiOu, 1909, 

I CenL f. kliti. MpcI,. 1891, No. 37; alsn, op. cV. 

* Bull, li, R. KC. raci]. di llomii. 1803- ■U4. ii. 151. 
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It may be said, then, in summary that the parasite consists 
of a more or less deeply staining substance containing 
pigment granules. At some point within the body, usually 
near the periphery, there is a round or ovoid pale, non-stain- 
ing area, containing a small, more deeply colorable body 
situated usually at one side on the border line between this 
area and the colored substance of the parasite. The colorless 
area is generally interpreted as a bladder-like nucleus, the 
colored body within representing the chromatin substance or 
nucleolus. 

Bastianelli and Bignami have been unable to distinguish 
in the sestivo-autumnal parasite any body which has all the 
characteristics of a nucleus. Romanovsky, Greppener, and 
Ziemann assert that they have been able to observe actual 
karyokinetic figures. 

Attempts to cultivate the Parasites — Inoculation Experi- 
ments, — The question of the permanence of these diflferent 
varieties of parasites has occupied considerable attention. 
Some observers assume that they represent distinct and sepa- 
rate organisms, while others believe that they are different 
varieties of one polymorphous parasite. It is undoubtedly 
true, as proven by numerous inoculation experiments, that 
each of these three types of parasites is associated with a defi- 
nite type of fever. 

Unfortunately, all attempts to cultivate the parasite out- 
side of the body have been without result. Numerous 
attempts to inoculate lower animals with the blood of infected 
human beings, by Richard,* Guamieri,f Fischer,J Laveran,* 

♦ Op. cii, 

t Arch, per Ic sc. mod., xii, 1887, p. 175. 

X Verhandl. Interuat. Cong. f. Hyg. und Demog , Wien, 1887, H. xzxt1,90l 

• Op. cit. 
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CeLi and Sanfelice,* Eeiii,f Aiigeliiii,:f and Di Mattel,* Lave 
likewise failed. 

Sakliarov ]| and Roeenbach * believe that th^ have been 
able to keep the organisms alive for several days in the bodies 
of leeches. Rosenbach, experimenting with the tertian or- 
ganism, thought that he could distinguish evidences of de- 
velopment during forty-eight hours, but his researches have 
not been confinned. Sakliarov ^ placed the leeches upon ice, 
and found amoeboid organisms within red corpuscles as much 
as seven days after the beginning of the experiment. Inocu- 
lating himself with blood from one of these leeches on the 
fourth day, he obtained a positive result, developing fever with 
similar parasites in his blood on the twelfth day. 

These ospcriments have been in part repeated in this 
clinic by Dr. Blunier and Messrs. Hamburger and MitchelL 
Dr. Blumer was able to distinguish the small hyaline bodies 
of seetivo-autumnal fever for over a week in the blood of a 
leech kept on ice. There was, however, no evidence of 
growth, and no smcoboid movement was made out. 

Mr. Ilamburger took the blood from a case of sestivo- 
autunuial fever with quotidian paroxysms at a time when only 
small amceboid and ring-shaped, non-pigmented hyaline bodies 
were present. During the next several days he was able to 
distinguish a alight increase in size, with tlie accumulation in 
nearly every organism of a few small motile pigment gran- 
oles. On the eighth day the organisms were distinctly 
viable, each with a small group of slightly motile granules in 

* Op. til. t Charito Annslen, 1891, 181. 
t RitoriDft medicii, 1801. t. 4. p. 758. 

■ (n) Rifornm medics. IHDl. TAi. (ft) L'Ufficialu Saniffirio. No. 10, 1884. 
I Vrach, 1800, 6+1 ; ref. in Baumgarten'e Jabresbericht, 1390, 444. 

* Berliner k!in. Woeh.. IBBl, 839. 
t Cent. (. Bukt., 18M, xt, 1S8. 
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the middle or at some point on the periphery of the parasite. 
The parasites, as in Dr. Blumer's case, showed no actual 
amoeboid movement, though some slight change of shape could 
be at times made out. In both instances the parasite acquired 
after several days a peculiar refractive, glistening appear- 
ance. 

Specimens stained on the eighth day showed characteristic 
ring-shaped bodies. 

Mr. Mitchell placed a leech upon an individual suffering 
with a combined flestivo-autumnal and double tertian infec- 
tion. The blood showed two groups of active tertian organ- 
isms and a few crescentic and ovoid forms. 

In the body of the leech the tertian organisms were to be 
made out for ten days. The pigment was active for four 
days, but no amoeboid movement was to be made out in the 
parasites. The crescentic and ovoid bodies remained un- 
changed ; no flagellate forms were observed. 

The experiment of Hamburger, which I was able to follow, 
furnishes the first demonstration of the actual growth of the 
parasite and the accumulation of pigment outside of the 
human body. 

Coronado,* of Havana, alone believes that he has cultivated 
the parasite. His statements are, however, unconvincing, 
while attempts to repeat his experiments have been without 
result. 

Qerhardt,t in 1880, first demonstrated that malarial in- 
fection might be transferred by the inoculation of infected 
blood into healthy individuals ; at this time the parasite was 
not generally recognized. 

♦ (a) CnSnica med.-quir. de la Habana, xviii, No. 22. (b) Cr6n. med.- 
quir. de la Habana, 1893, 375. 
t Zeit. fttr klin. Med,, 1884, 375. 
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Ib 1884 Mariotti and Ciarroehi,* Hnd Marchiafava and 
Cellif eliowed that the fever following such inocuktions was 
associated with the appearance of parasites in the blood of the 
inoculated patient. 

These experiments have heen followed hj a considerable 
number of observations by Gualdi and Antolifiei,J Angelini,* 
Di Mattel, H Calandruecio,'^ Beiii,^ Baccelli,J Sakharov,J and 
Bastianehi and Bignanti.^ 

These studies have shown that bj intravenous or subcuta- 
neous introduction of blood from an intlividual suffering from 
malarial fever into an healthy human beiug, the infection 
may bo trausferi'ed. Furthermore, the type of fever and of 
the parasite in the inoculated individual are always the same 
as in the patient from whom the blood is taken. 

In every instance, with the e-xception of the first two cases 
of Gualdi and Antolisei, the inoculation of one variety of 
organism has been followed by the development of a similar 
parasite, and by similar clinical manifestations. In the first 
two instances reported by Gualdi and Antolisei, where this 
was apparently not tlie case, later observation proved that 
the blood which had been injected was, in all probability, 
from a patient witli a mixed infection. 

The remarkable regularity with which the tertian and 



• Lo Sperimentttle, 1884, liv, 268. 

t Arch, per le sc raed.. 1885. i»; also, Fortsohr. d. Med., 1885. iii.Noa. 11 
udl4. 

t (o) Bull. d. R. HOC. med. d. Roma. xv. 34.3. (*) Rifornia medica. 188fc 
No. 3(H, 1530. (c) Rilorma mediea, 1880, No. 374, 183S. 

■ Riformn mediea. 1880. Nob. S28. 237. 13.13. 1358. 

I (o) RiforTnamcdica.l8Bl.No. 121.544. (*)ArehiTf. Hypene, 1805,191, 

' Oenl. ror Bakt., 1801. \i, 403. 439. 461. 

( Op. eif. t Deulsch. med. Woch., 1893, 781. 

j Cent. f. Bakt., 1894, iv, 158. 

1 Bull. d. R. aoc med. d. Roma, 1803-'94, anno ir, vol xi. 151. 
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quartan parasites are to be seen during the early months of 
the year, and the sestivo-antuinnal forms during the later 
summer and fall, has led many to believe that the organisms 
are varieties of one parasite, the morphology of which varies, 
depending upon the time of year and the conditions to which 
it is subjected. No direct confirmatory evidence has, how- 
ever, been advanced in favor of this suspicion. I have never 
been able to trace the change in one individual from one 
variety of parasite to another. 

Those cases which come to Baltimore during the spring 
and winter months from severe malarious districts (Cuba, 
Jamaica) preserve their original type notwithstanding the 
fact of its extreme rarity in this climate at that time of year. 
In one instance quoted in the Johns Hopkins Hospital Re- 
ports (vol. V, p. 99) we were able, in a case of mixed infection 
during the winter season, to follow distinctly the disappear- 
ance of the tertian parasites under quinine, and the reappear- 
ance of the more resistant sestivo-autumnal organisms, after 
two months' freedom from symptoms, at a time of year when 
cases of this variety are of extreme rarity. 

Moreover, though such is not the rule, we have seen in- 
stances in which aestivo-autumnal infection occuring relatively 
early in the summer and disappearing under quinine, was 
followed at the height of the malarial season, at the time 
when flBstivo-autumnal fever predominates, by a tertian in- 
fection. We have believed these cases to represent fresh 
infections. 

It is, however, sufficient for all clinical purposes to recog- 
nize the fact that whether or not these varieties of parasites 
may change one into anotlier, they are, when present, always 
associated with the characteristic variety of fever. From the 
clinical chart we may in many instances recognize the variety 



of parasite present ; from the parasite invariably tbe variety 
of fever. 

Inoculation experiments definitely pro\-ing Marchiafava 
and Bignaini's division of the testivo-autnranal parasite into 
a quotidian and tertian variety are as yet wanting, 

Marnier of Reproduction. — All observers agree tliat the 
parasite multipliea by segmentation. Laveran,* Danilevsky,t 
Mannaberg, :f Dock," Coronado, | and Manson,-^ however, 
cling to tbe idea that flagellation may represent another 
method of multiplication. 

The fresh segments from the sporulating form resemble 
very closely the young individuals. They stain in the same 
manner, and differ only in that no one has ever observed any 
aratcboid movement. What the significance of their lack of 
movement may be is not perfectly clear. There seems to be 
little doubt that they immediately attack other red corpuscles, 
and yet the actual process has never been noted. Whether 
they must undergo some change before they are capable of 
entering the blood-corpuscles — a change which, perhaps, is 
prevented from taking place by the abnormal influences to 
which they are subjected in the preparation of the specimen 
—or whether they represent already complete new organ- 
isms (" gymnospores "), is not determined. 

Plehn ^ believes that they possess small, almost invisible 
flagella, and in certain instances it must be acknowledged 
that they have a slight dancing movement, and change their 




• Du pBliiiliFmc et 
t Cent. f. Bobt.. II 
% Op. til. 
» MeJ. News. July IQ, 18(M), 50. 

Crtn. mpd.-quir. de In Habima. xviii, 1803, Na. 33. 

* Brit Med. Jcmrnal. IK04. yal. ii, i;MMI. 
Aetlolngiiiche ii. klinischo Mulariii bludiun, Berlin, i 
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position in the field in a manner which might ahnost suggest 
the existence of organs of locomotion. 

Classification of the Parasite. — ^Various names have been 
suggested for the malarial organism ; the first, that of OsciUaria 
malaricBy advanced by Laveran in 1881, has since been gen- 
erally abandoned. 

Marchiafava and Celli in 1884 proposed the term Plasmo- 
dium malaricBj which, despite its inaptness, has been widely 
accepted. 

The term Hasmaiomxmas mula^^y suggested by Osier, has 
not found general recognition. 

To-day most observers have adopted MetchnikoflPs* classi- 
fication of the parasite among the Sporozoa. Becent writers 
have further generally accepted Mingazzini's new group of 
Himnosporidiay which includes the organisms of man and the 
similar organisms found in birds. With this view Celli and 
8anf elice and Mannaberg agree. 

Krusef has recently separated the Sporozoa into six 
orders : 

Qregarinida. Myxosporidia. 

Coccidida. Sarcosporidia. 

H»mosporidia (HaBmogregarinida). Microsporidia. 

The Hfiemosporidia are separated into four genera : 

Hwraogregarina (tortoise-lizard). Hajmoproteus (birds). 

Drepanidiuni (frog). Plasmodium (man). 

Grassi and FelettiJ separate the amoeboid forms which 
they place among the Sarcodina, from the Drepanidium varie- 
ties which they place among the sporozoa. 



• Cent. f. Bakt., i. 1887, 624. 

f FlOgge, Microorganismen, 8% Leipsic, 1896, toL ii, No. 637. 

t Atti. accad. Gioien. sc. nat., Catania, 1802, 8. 
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They divide the Sarcodina into two genera : 

2. HtBmamaba: 



1. Laveraniu: 

L. ranarum. 

L. DaDilewskii (birds). 

L. malariffi (man). 



H. relicta \ 

H. subpnecox >■ (birds). 

H. subimmaculata ) 

H. malarie (the quartan parasite) 

H. viyaz (ttie tertian parasite) 

H. pnecox ) (the sstivo-autum- 

n. immaculata f nai parasite) 



(man). 



Labb^ divides the blood parasites into two orders, both of 
which he includes among the sporozoa. 



( pnnceps 
^1. Drepanidium •< raonilis 

( aviam 



I. Hiemosporidia. 



I 



(frogs and birds). 



II. Gymnosporidia. 



2. Karyolysus lacertarum 

f Stepanowi ) , . ., ^ 

3. Danilewskya •< Lacazci ) 

( Krusei (frogs). 

" 1. Ilalteridium Danilewskii I /i -^ x 

2. Proteosoma Grassii ) 

3. Hfemamceba Laveraiii (man). 
4 Dactylosoma splendens (frogs). 

^5. Cytamoeba bacterif era (frogs). 



LECTUKE n. 

Methods of examination of the blood. — Description of the hiemocytozoa of 

malaria. 

METHODS OP EXAMINATION OP THE BLOOD. 

It is impossible to tndke reliable examinations of the Hood 
for malarial pa/rasites without first heitig familiar ivith the 
ordinary wj>pearan<ies of normal hlood and the more common 
pathological changes. 

Large, pigmented, full-grown parasites are easily percep- 
tible, but the distinction of small unpigmented hyaline forms 
from vacuoles and other changes in the red corpuscles re- 
quires an experienced eye. One can not learn to recognize 
all phases of the malarial parasite in two days or in two 
weeks. The lack of appreciation of this fact has led good 
observers in other fields of medicine to commit themselves 
in print to grievous errors. Thus an excellent foreign clini- 
cian within a few years published an article on the parasites 
in the malarial fevers of the city in which he lived, asserting 
that he found segmenting forms in every instance where he 
had examined the blood. This rather remarkable statement 
was shown on re-examination of his specimens to be based 
upon his misinterpretation of clumps of blood platelets which 
stained readily with methylene blue. 

It is unfortunate that until recently very little attention 

has been paid in our institutions for medical instruction to 

84 
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the examirmtiiin of the blood, Tliere is no excuse, liow- 
ever, to-day, for any inetitution wliieh allows a student to 
graduate without requiring a good paBsing familiarity with 
the ordinary appearances of human blood. 

It is a mistake to attempt to etudy malarial blood without 
an oil-immersion lens. An oil-immersion lens is to-day a 
necessity in the outfit of a physician. Laveran, to be sure, 
discovered the parasite with a one-sixth dry lens. This 
achievement, however, while it refleeta alt the more credit 
on the observer, should not be used as an argument that 
good work is easy with snch lenses, for this is not the case. 

The best method of studying the malarial parasite is in 
the fresh untreated blood at the bedside or in the consulting 
room. The specimen is easily prepared, though certain pre- 
caations must be carried out with absolute accuracy. The 
cover glasses and slides must be carefully washed in alcohol, 
or alcohol and ether, in order to remove all fatty substances. 
Tliey should be washed immediately before use. It is very 
easy for the physician to carry a small vial of alcohol in his 
instrument bag or in his pocket. 

The blood may be taken from any part, Iteinert * having 
shown that the results are the same no matter whence the 
specimen be obtained. The most convenient place, however, 
is the lobe of the ear, inasmuch as it is less sensitive and 
more readily apjiroaehed than the finger tip, while a smaller 
puncture will draw more blood. It is often, also, important 
that the patient should not be able to observe the proceeding. 
This is particularly true in dealing with nervous patients and 
children. 

The ear should tirst be thoroughly cleaned; the lobe is 

■ Dia Zablung dcr BlulkOrpercbcn, 6va, Leipsic, 1601. 
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then punctured with a small knife or lancet. A needle or a 
pin may be used ; they cause, however, much more pain, and 
are not as satisfactory. If one desire to be especially careful, 
the ear may first be washed with soap and water, and after- 
wards with alcohol and ether. In many instances, however, 
it is advisable to make the preparations as short as may be, 
and unless the ear or finger be extremely dirty one may pro- 
ceed at one«. Pigment or epithelium coming from the skin 
is readily recognized by the skilled eye. 

An instrument with a sharp cutting edge, or, better, a very 
sharp spear-pointed lancet, is taken in the right hand, wliile 
the lobe of the ear is held firmly between the fingers of the 
left in such a way that the skin is held tense. If one pro- 
ceed in this manner very slight pressure will cause an incision 
deep enough for all purposes, while the process is almost 
painless to the patient. I have in a number of instances 
obtained blood from a sleeping infant without its awakening. 
The first several drops of blood should be wiped away, while 
a freshly cleaned cover glass held in a pair of forceps is 
allowed to touch the tip of the minute drop of blood which 
next appears. This is then placed immediately upon a per- 
fectly clean slide. It is well if a third person be present to 
allow the slide to be vigorously rubbed with a clean linen 
cloth just before the application of the cover glass. This 
proceeding considerably facilitates the spreading out of the 
drop of blood. 

If the slide and cover be perfectly clean the drop of blood 
will immediately spread between them, so that, unless the 
amount be too great, the corpuscles may be seen lying side 
by side quite unaltered in their main characteristics. The 
drop of blood which is taken should be small unless the 
patient be very anaemic. It is important that the cover 



EXAMINATION OP THE BLOOD, 



37 



Haonld touch only tlie tip of the drop of blood. If It he 
applied redely and pressed, perhaps, against the ear, the 
blood is 80 spread out that drying may begin at the edge 
of the drop before the glass is laid upon the slide. If 
this he the case the immediate spreading out of the blood 
between the slide and the cover does not occur. It is an 
error to exert any pressure whatever upon the top cover; 
neitlier should the cover be pushed or allowed to slide. All 
of these proceedings damage the specimen. 

A convenient and satisfactory modification of this pro- 
cedure is the following : The drop of blood is taken from the 
ear upon a slide, which is immediately inverted and gently 
lowered until the tip of the pendant drop just tonclies a clean 
cover glass which hes upon the table or bed. It is then hfted, 
the cover, of course, adhering to it. The blood neually spreads 
evenly between the two glasses. 

Such specimens will remain in good condition for a con- 
siderable length of time — an hour or more — long enough to 
be thoroughly examined. If it be desirable to preserve the 
specimen for a greater length of time, vaaelme or paraffin 
may be placed about the edge of the glass. 

The parasites may thus be examined while yet alive and 
in active motion. Degenerative and regenerative processes 
may be followed out, and the most exquisite examples of 
phagocytosis may be observed. Such a specimen surrounded 
by paraffin or vaseline may be carried by the physician from 
the patient's residence to his consulting room, though under 
such circumstances one generally relies upon dried and stained 
specimens. 

Preparation of Stainfd fJpei'.im&n».—'T\\e preparation of 
Bpecimens for staini__ng is easy, but, like all other clinical 
tuethods, it requires a little experience and practice — practice 




3g LECTURES ON THE MALARIAL FEVERS. 

in observation, also, as well as in preparation. A small 
drop of blood from tlie lobe of tbe ear or the finger tip is 
collected upon a. perfectly clean cover glass, whieli is imme- 
diately placed upon another glaas. The drop of blood, if the 
two covers be perfectly clean, Bpreads out immediately be- 
tween tbein. The cover glasses are then drawn apart ; if 
neither glass be lifted or tilted during tlie process they will 
alida apart readily without sticking. If, however, they have 
remained together so long that they liave begun to adhere 
one to the other, one may be sure that the specimen is no 
longer of value. 

The covers should always be held in a forceps. The fingers, 
of course, may be used, but often the glass will stick to the 
finger and hinder the smooth performance of the act, while 
in other instances the slight moisture from the hand may de- 
form and destroy the corpuscles. The gla,8ses thus prepared 
are allowed to dry in the air, after which they may be pre- 
served for an almost indefinite length of tirae. 

An interesting accident which occurs not infrequently in 
summer time may be here alluded to. If the specimens be 
laid upon the table and left for any length of time, one often 
finds the previously regular layer of blood dotted with a num- 
ber of clear round spots, while sometimes the blood may have 
almost disappeared from the slide. One may be at a loss to 
account for this change until the discovery of tlie fly in fla- 
grant delicto reveals the true nature of the process. 

To prepare the glasses for staining various methods may 
be used. They may be heated upon a copper bar or in a 
thermostat at a temperature of from 100° to 120° C. for 
two hours, according to the method of EUrlich ; or they may 
be placed in absolute alcohol and ether, equal quantities 
(Nildforov'a method), for from an half to eight honrs, ao- 
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cording to the Btain; wliiie in otlier instances, with cer- 
tain stains, a good result may be olitained after leaving the 
epecimeuB for ae short a time as ten miimtes in absolute 
alcohol. 

The malarial parasite is well stained by most of the hasic 
imclear dyes. Loeffler'a methylene blue is an excellent agent. 
This may be prepared ae follows : 

leblue 30c.c. 



Concentrated alcoholic solution of niethylen 
Solution of caustic potash 1-10,000 . . . . 



A simple aqueous eolutioE of methylene blue may also 
^ye good results. In eitlier instance the 8i>eoimeii, heated 
or hardened at least one half hour in absolute alcohol and 
ether, should be stained from thirty seconds to a minute, 
washed in water, dried between filter paper, and mounted in 
oil or balsam. The retl corpuseles liere remain unstained, 
while the nuclei of the leucocytes and the parasites are of a 
clear blue color. 

Good results may be obtained by adding a few drops of 
a saturated alcoholic solution of methylene blue to two or 
three cubic centimetres of water, and staining for a similar 
length of time. Here, however, the red corpuscles take a 
alight bluish tinge. 

A good contrast stain may be obtained by the following 
method : The cover -glass specimen is fixed in absolute alco- 
hol and ether for from four to twenty-four hours. It is then 
placed for a few seconds (thirty seconds to five minutes) in 
a 0'5-pcr-cent solution of eosin in sixty -per-cent alcohol, 
washed in water, dried between filter paper, and placed for 
from thirty seconds to two minutes in a concentrated aqueous 
Bointion of methylene blue, or in Loeffler's methylene blue. 
It is then washed in water, dried between filter paper, and 
mounted in Canada balsam. The red corpuscles and eosin- 
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ophilic granules are stained by the eosin, while the nuclei 
of the leucocytes and the parasites take on a blue color. 

Perhaps the most satisfactory stain is that of Bomanov- 
sky.* Two solutions are necessary — a saturated aqueous solu- 
tion of methylene blue and a one-per-cent watery solution of 
eosin. The older the methylene-blue solution the better the 
results. The staining mixture should be made just before it 
is used. About two parts of the eosin are added to one part 
of the filtered methylene-blue solution. The mixture is care- 
fully stirred with a glass rod and poured into a watch glass. 
Do not filter after making the mixture. The cover glasses, 
fixed according to the methods above described, or by harden- 
ing in alcohol for from ten minutes upward8,t are allowed to 
float upon the top of this fluid. The specimens are then 
covered by another inverted glass, and the whole by an in- 
verted cylinder, which is moistened on the inside. In from 
half an hour to three hours — ^best in two or three hours — ^good 
specunens are obtained. This method gives the clearest 
and best results that we have ever seen. The one objection 
is its unreliability. An abundant sediment is formed which 
may obscure the specimen. An excellent method of pro- 
cedure is the following : 

Equal quantities of an one-half -per-cent solution of eosin 
and a saturated solution of methylene blue diluted one half 
with distilled water are mixed in a watch glass. Upon this the 
specimens are floated, and the subsequent procedure is just 
as above described. The specimens should remain in this 
mixture twenty-four hours. There is no danger of over- 
staining. 



• Op. ciL 

f Excellent results may also be obtained with specimens hardened in ab- 
solute alcohol and ether for half an hour. 
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Geppener (Heppener)* liae recently proposed a slight 
mod iii cation in the preparation of the specimens. A little 
filtered methylene- blue solution is poured into a fifty-cubic- 
centiraetre graduate, and to this the one-per-cent eosin sulution 
is added gradually, while the mixture is stirred or shaken, 
until a well-marked precipitate becomes evident upon the side 
of the glass. The fluid is then poured into a watch glass and 
staining carried out as before described. It is well sometimes 
to test the staining power of such a fluid by observuig its im- 
mediate influence upon the nuclei of leucocytes in test speci- 
mens. If such a fluid be successful it may he kept and used 
during several days. Specimens sufficiently good to justify 
a diagnosis may be obtained in ten or fifteen minutes, though 
good specimens demand longer exposure. If the preparation 
has been stained twenty-four hours or more it may be liastily 
decolorized in absolute alcohol, then washed in water and 
mounted. The specimens may be prejmred for staining by 
beating, immersion in alcohol and ether, or by immersion in 
absolute alcohol for ten minutes. Contrast stains with eosin 
and hematoxylin also give good results. 

To bring out most clearly the small hyaline bodies of les- 
tivo-autunmal fever, which with ordinary stains appear as very 
pale rings, stronger stains, such as gentian violet, may be used. 
With gentian violet the small rings with the deeper staining 
dot at one side are brought out with great distinctness, though 
the appearance of the specimen as a whole is usually rather 
UQ satisfactory. 

For quick work in the consulting room a siTuptc stain with 
methylene blue is satisfactory, and not infrequently the ex- 
perienced observer may obtain good results sufficient to jus- 
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tify a diagnosis by rapid heating of the cover glass over the 
flame and immediate staining. Buch results, however, are 
rather uncertain. 

DESOBIPnON OF THE KfiMOOTTOZOA OP MALABIA. 

Our observations have led us to distinguish three types of 
the malarial parasite : 

(1) The parasite of tertian fever {Hcemamceba vivax, 
Grassi). 

(2) The parasite of quartan fever {Hamiamoeiba malariwy 
Grassi). 

(3) The parasite of sestivo-autumnal fever {Ilcemdtozoon 
falciparum^ Welch) ; {Hcmiamaiba prcecox^ Grassi ; HoBma- 
mceba irrmiaculataj Grassi ; Za/verania malaricB^ Grassi). 

(1) TJie Parasite of Tertian Fever {HoRmamceba vivaXy 
Grassi). — The malarial organism most commonly observed in 
this country is the parasite of tertian fever. This is a body 
whose complete cycle of development from the earliest stages 
to sporulation and the reproduction of a new group of young 
parasites, lasts approximately forty-eight hours. 

On examining the blood from a case of tertian infection 
one notes the interesting characteristic that the organisms pre- 
sent are all at approximately the same stage of development 
— that is, the blood contains a group of parasites, which pur- 
sues a cycle of existence lasting about forty-eight hours, all 
the members arriving at maturity, undergoing sporulation, and 
again passing through their cycle of existence in unison. 

At times there may be two groups of organisms in differ- 
ent stages of development ; rarely perhaps more. Almost in- 
variably, however, the fact may be noted that the parasites 
are present in distinct groups. It is extremely rare in tertian 
infections to find more than two groups of organisms present. 
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The first etage in the life history of the parasite within tlie 
red corpuscle is represented by a small, round, colorlese, disk- 
siiaped body. Tliis body is usually actively amceboid, show- 
ing uudiilatiiig nioveraents at the periphery, or again chang- 
ing its shaj>e rapidly from the original disk-like appearance to 
that of a cross or a star, forming at times most irregular and 
bizarre figures. (Plate I, Figs. 2, 3, 4.) Sometimes the para- 
Bite takes the appearance of a refractive ring with a more 
shaded, apparently thinner central portion. There may be 
an apparent fusion of two pseudopodia including a bit of 
red corpuscle within, tlius forming a true ring. (Plate I, 
Fig. 5.) 

Some observers believe that such a portion of the corpua- 
cle included within two pseudopodia is gradually digested by 
tlie parasite. Geppener, who has recently studied the growth 
of the organism in stained preparations, asserts that he can, in 
many inat;inces, trace the formation of such a ring and the 
gradual concentric growth of the parasite. That such a pro- 
cess is, however, a rule in the development of the organism, 
our observations would lead us to doubt. No evidence of a 
nucleus is to be made out in the fresh specimen. Sometimes 
several hyaline bodies may exist within one red corpuscle. 

As the parasite grows, minute yellowish -brown granules 
begin to appear ; these are usually dbtributed toward the ex- 
tremities of the pseudopodia of the amoeboid organism. The 
granules are generally in active dancing motion, so marked 
that it has been aacrilwd by most observers to undulatory 
waves of the protoplasm of the parasite, rather than to 
simple Bro«Tiian movements. The parasite at tliis stage of 
development is very amceboid. So delicate is its stmcture, 
and so Uttlc does its index of refraction differ from that of 
the including corpuBcle, that in this stage it is often ex- 
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treinely diflScult in fresh BpecimenB to determine the out- 
lines of the body ; the unskilled observer in many in- 
stances discovers only the pigment granules which appear to 
him to lie scattered within the substance of a red corpuscle. 
(Plate I, Figs. 5, 6, 7.) 

The parasites appear distinctly to lie within rather than 
upon the corpuscles. Of this fact there is good evidence : 

(1) The outline of the parasite is extremely pale and in- 
distinct, and the skilled observer readily notes that he is look- 
ing at the organism through a layer of red corpuscular sub- 
stance.* 

(2) On carefully focusing one may readily satisfy himself 
that the parasite Ues below the upper surface of the cor- 
puscle. 

(3) Observe as long as one will, the protrusion of a pseudo- 
pod beyond the outline of the red corpuscle is never to be 
seen. 

(4) An excellent proof of the intra-corpuscular nature of 
the body is afforded by the observation of the escape of a 
parasite from its host. While studying one of these parasites 
under the microscope we may see a sudden explosion, as it 
were, of the corpuscle. From a small point in the periphery 
of the red cell the parasite suddenly shps out into the field, 
while at the same time the color of the corpuscle may be 
seen to flow out at this same point, leaving the disk a pale, 
almost indistinguishable shadow, very soon to disappear en- 
tirely from view. (Plate I, Figs. 5 and 21). 

• On one occasion I demonstrated a specimen of fresh malarial blood 
to an artist who, though familiar with the microscope, knew nothing of the 
malarial parasite. He immediately turned to me and said that the parasites 
were not white, as they were represented in a plate which lay before him. 
** They have a distinctly yellowish tinge. They lie mthin the corpuscles, and 
not upon them.'* 
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The parasite which has escaped may show araceboid move- 
niente for a short time, though usually it becomes motionless, 
and often deformed and misshapen. Not infrequentiy it be- 
comes fra^^ented, breaking into Bcveral minute round pig- 
mented bodies, which are often connected by delicate thread- 
like processes in which pigment granules may lie. The 
outlines of these extra-cellular forms heeome very pale and 
indistinct, so that often they appear simply as collections of 
scattered pigment granules. 

As the parasite grows the red corpuscle wliieli contains it 
becomes somewhat expanded and loses its color. After twen- 
ty-four hours' growth the body occupies somewhat less than 
half of the area of the red corpuscle, which by this time 
ehowB ft distinct pallor, and is larger than its unafEected neigh- 
bors. The arateboid movements of the organism begin to be 
a trifle leas active ; the amount of pigment is increased, while 
the gi'unnlcs are distuictly coarser and of a darker color. 
After about forty hours of development the body has reached 
nearly its fall growth. It is then almost as large as a nor- 
mal red corpuscle, while the element in which it has devel- 
oped is represented by a pale shell, which is often difficult to 
distinguish. This decolorized remnant of a red corpuscle 
may l>e half again as large as the normal red cell. (Plato I, 
Fig. 9.) 

Shortly after this certain chnnges begin to be apparent 
within the parasite, wliich are indicative of the onset of 
sportilatioii. (Plate I, Figs, 10-1 i.) The pigment first 
shows ft tendency to become collected toward some one point, 
usually near the centre of the body. This proceeds until 
finally the grannies gather into one small clump, or indeed 
are fused into ft single block. This block may lie exactly 
in the middle, or at times more toward the periphery of 
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the parasite. The surrounding red corpuscle has by this 
time become almost indistinguishable ; it is, however, a ques- 
tion whether, in the earlier stages of segmentation, the shell 
of the corpuscle ever entirely disappears. If one look very 
carefully he may almost always distinguish the pale surround- 
ing rim; in many instances where, in the fresh specimen, 
it is difficult to make this out, well-marked evidences of its 
existence are brought out by staining. 

Shortly before and with the collection of the pigment at 
one point in the parasite certain changes become evident in 
the protoplasm of the body. This begins to have a slightly 
opaque appearance, as if it were more dense, while a number 
of small slightly refractive points appear about the periphery 
of the organism, and sometimes also within its substance. 
Soon after this there appear evidences of radial striations, 
coming in from the periphery, while a slight crenation of 
the outer margin of the body may be seen, until finally 
a figure like that fii Fig. 12 of the plate is to be made out ; 
a central pigment clump surrounded by from twelve to 
twenty or thirty leaflets. 

Usually, however, these striations do not extend actually 
to the pigment mass. Other small refractive points appear 
within the substance of the body, while gradually lines of 
separation develop about them until at length each minute 
refractive point lies within a small separate segment. At 
last, at a given moment, if we are lucky enough to observe 
the body at this instant, there is a sudden movement sug- 
gesting strongly the rupture of a capsule, while the fifteen 
to twenty little separate segments burst from about the cen- 
tral pigment which they now surround like a bunch of grapes. 
The separation of these segments may not occur all at once. 
At one point on the periphery several of these bodies may 



suddenly escape from the group, the othcre remaining longer 
about the central pigment mass. 

These small hyaline bodies raaj eomotimes be followed 
for some little distance from tlie original segmenting form. 
Under these circumstancos they may show a slight dancing 
to-and-fro movement which suggests the possible existence of 
flagella. Usually they are quite motionless. 

Sometimes all the pigment may not collect at one point, 
but separate single granules or collectionB of granules may 
be scattered throughout the segmenting organism, while rarely 
a fresh segment may contain a single granule at the time 
of its origin. This I have distinctly observed on one oc- 
casion. 

These small, clear hyaline segments resemble the yonug 
amceboid intra-corpuscular forms very closely, as well in 
appearance and size as in staiiiing characteristics ; the latter 
appear in the red blood-eorpuseles simultaneously with or 
shortly after the appearance of the sporulating bodies. It is 
generally acknowloilged that the segments represent spores 
or actual ymng organisms. Whether they are gymnospores 
(Grassi and Fe!etti), complete young parasites, or whether 
the spores must undergo some slight change before they are 
able to attack the red corpuscles, is a question. 

Certainly we have never observed the actual invasion of 
a red corpuscle by a fresh segment, nor have we ever been 
able to make out distinct amceboid movements of these 
bodies. On the other hand, the staining reactions are the 
same as in the case of the young intra-cellular parasites, 
while we never have been able to distinguish evidences of a 
membrane about the spore. The chain of evidence is so 
strong that there can bo little doubt that the fresh eegmenta 
represent the now group of parasites, which appears almost 
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immediately within the red corpuscles, startiog again upon 
another cycle of forty-eight hours' development. 

Not infrequently at a time when the group of organisms 
has reached nearly complete development bodies may be found 
which have reached the full size of a red corpuscle, while 
all evidences of their surrounding host has completely dis- 
appeared. These bodies may, indeed, be considerably larger 
than the normal red corpuscle. They are usually pale ; their 
outlines are indistinct, while the pigment granules are in 
very active motion. (Plate I, Fig. 18.) 

Studying these large extra-cellular forms we may observe 
one of several changes : 

(1) After a certain length of time the organism, the pig- 
ment of which is usually extremely active, may put forth 
several bud-like protrusions which finally become cut oflf, the 
original parasite breaking into a number of smaller bodies. 
These become rapidly deformed and indistinct, just as do the 
half -grown parasites which escape from the red corpuscles. 
The motions of the pigment granules gradually cease, until 
finally there are left a number of small, irregularly shaped, 
indistinct masses with motionless pigment. (Plate I, Figs. 
19, 20.) 

(2) In other instances there appear a number of small 
round vacuoles of irregular size, the development of which 
is usually associated with a deformation of the body, while 
the movements of the pigment gradually cease. Sometimes 
an interesting phenomenon may be observed, an appearance 
which was interpreted originally by Golgi, probably incor- 
rectly, PS a method of sporulation. A single large vacuole 
develops, containing one or more hyaline masses, which are 
not dissimilar in appearance to the segments of the sporulat- 
ing body. At the same time smaller vacuoles of irregular 



TnE n_«;M(x:TTozoA of malaria.' 

size appear tliroiighout the rest of the parasite ; eventually 
tlie pigment becoraee motionless and the body itself deformed 
and indistinct in ontline. There is little doubt that this Ib a 
degenerative rather tlmn a regenerative process. (Plate 1, 
Figs. 23, 24.) 

(3) The third and, in many ways, the most interesting 
change which occurs in these large, swollen liodies is the ap- 
pearance of the flagella first described by Laveran, The pig- 
ment first becomes extremely active, dancing in a most tumul- 
tuous manner ; riften, in association with this, the periphery 
of the body is seen to undulate ■violently, suggesting, as Rich- 
ard long ago remarked, an attempt on the part of some in- 
cluded body to escape. Finally, in an instant there appear 
from one or more points on the periphery of the organism 
small, thread-like, colorless, actively motile flagella, while at 
the same moment the pigment tends generally to collect 
rather toward the centre of the mother body ; it never, how- 
ever, gathers into a small mass, aa in spomlation. (Plate I, 
Fig. 22.) 

The fiagella have a singularly regidar outline, showing 
often u slightly clubbed extremity, and further, at times, 
small oIive-filia|)ed swellings in their course. Their length ia 
DBually not more than two or three times the diameter of the 
body from which they arise. Their motions are extremely 
active, the red corpuscles in the neighborhood being stirred 
about in a violent manner. The pigment is very lively. 
Occasionally one or more small granules may pass from the 
interior of the parasite out into one of the flagella. At this 
period the mother body, which is in active motion, often be- 
comes extensively fragmented ; one usually, however, gains 
the impression that these fragments have some delicate con- 
nection one with another. 
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After the body has existed for a longer or a shorter time, 
flagella may break loose from the mother organism, rushing 
off among the surrounding corpuscles, preserving the same 
active serpentine movements which they possessed before. 
Sometimes several free flagella may be seen in a single field. 
The activity of the flagella may last for a considerable time, 
certainly up to three-quarters of an hour. Gradually, how- 
ever, the movements cease, and the fllaraents, becoming mo- 
tionless, are quickly lost to the eye. At times there is an 
appearance as if they were withdrawn again into the body ; 
often they seem to be folded about it. With the cessation of 
the movements of the flagella the pigment becomes usually 
quite motionless, and the central body remains a shrunken, 
deformed, motionless mass. 

The significance of these large, e3rtra-cellular forms is not 
entirely settled. Many observers believe them to be degen- 
erative stages of the parasite, bodies which are overgrown and 
have failed to enter upon a reproductive stage — involution 
forms. 

This would appear to be true in the case of the fragment- 
ing and vacuolated forms. 

The true significance, however, of the flageUate bodies is 
not entirely clear. Certain considerations speak in favor of 
their representing a degenerative stage of the parasite. The 
most important of these are perhaps the facts : 

(1) That they are derived from the same bodies which 
give rise to fragmenting and vacuolating forms, in association 
with which they are usually found. 

(2) That they are rarely found immediately after the for- 
mation of the specimen, but usually five, or ten, or fifteen 
minutes after a fresh specimen of blood has been made ; that 
is, after exposure to abnormal and doubtless injurious condi- 
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"BonB. In bird's blooJ, where tlie change from t!ie body 
temperature to tliat upon a elide is more marked, the develop- 
ment of tlie flagellate forms w rather {^uifker, and thia change 
may be readily followed ont in a number of organisms npon 
the fresh slide. "Within five minutes after the preparation of 
sueh a, specimen we may observe the rapid change of from 
five to ten organisms in a field into flagellate forms, whieli, 
after existing a certain length of time, l>ecome finally motion- 
less and deformed. 

(3) That the analogous forms in the sestivo- autumnal jtara- 
site, which will he discussed later, are derived from bodies 
which are incapable of further development, and are con- 
sidered by Borae to l>e degenerate forms. 

On the other hand, the surprising regularity in the 
shape of the flagella and their power of individual mo- 
tion suggest strongly that they are prefonned bodies, and 
|)ermit us to sympathize to a certain extent with those ob- 
servers who still believe that they represent an important 
stage in the development of the parasite, the true significance 
of which we do not yet know. The comparison of the flagella 
to the filaments which develop from red blood -corpuscles on 
exposure to heat, a comparison which has been made by good 
observers and recently repeated by Bignami,* is, it seems to 
me, extremely far-fetched. It ia difficult to understand how 
any one who lias observed the two processes can consider 
them analogous. 

Now while all these different phases in the cycle of exist- 
ence of the parasite are to he observed in a fresh specimen of 
the blood, Bastianelli and Eignami f pointed out some years 
ago that the different phases are observed with by no meana 
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equal frequency. Thus in a given group of tertian parasites, 
while a very considerable number may be seen in the stage of 
fresh hyaline bodies, and again as half -grown and nearly full- 
grown forms, the segmenting forms are seen with much 
less frequency. 

These excellent observers carried on careful systematic 
studies not only of the blood from the peripheral vessels, but 
also of that obtained by aspiration from the spleen. By this 
means they discovered that as the organism becomes full 
grown and segmentation begins, the parasites are found with 
much greater relative frequency in the blood of the spleen. 

They suggest a very plausible explanation of this fact. 
The red corpuscles having been almost completely destroyed 
by the growth of the parasite, become practically foreign 
bodies, and as such tend to accumulate in the spleen. The 
reason that in quartan fever the organisms are so much more 
readily found in the peripheral circulation is simply because 
the changes produced in the red corpuscles are relatively 
slight. 

Thus, in tertian infections with a single group of moderate 
dimensions it may be rather difficult to find organisms in the 
peripheral circulation just before or during the early stages of 
the paroxysm, while not infrequently the discovery of seg- 
menting bodies may be almost impossible. 

The Appearance of the Organisms in Dried and Stained 
Specimens, — Our best results have been obtained by staining 
with eosin and methylene blue according to Romanovsky's 
method. 

In stained specimens the youngest forms of the parasite 
are represented l)y delicate blue rings. The central part of 
the ring is occupied by a colorless area, at one point on the 
periphery of which there is usually a small, deeper blue spot. 
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This pale area, it will be rememliereti, is what has been as- 
aumed hy many observere to represent tlie nucleus, the smaller 
deeplj etaiuitig spot representing the chromatic substance or 
uacleoluB. 

Ab the parasite grows, pigment granules begin to appear in 
the peripheral blue part of the organism, while the amieboid 
character of the parasite becomes evident by the excessively 
bizarre figures which the element aBsumes. When one studies 
the stained specimen of a half-grown tertian parasite it is 
easy to realize how in the fresh blood one might mistake a 
single organism for several separate bodies. At one point in 
these pigmented parasites, often at the end of a pseudopod, 
there is to be made out a clear, pale, non-staining area, inside 
of which ifl a round or ovoid body which takes on a blue color, 
though paler than that of the rest of the parasite. This area 
ie to be distingnished from islands of red corpuscular sub- 
stance which may be surrounded by confluent psoudopodia of 
the parasite. The clear, colorless area appears to be quite free 
from pigment, though at times there may be a single granule 
which looks as if it might Ho accidentally upon nithor than 
■within the clear spot. 

When the parasite has reached full develojiment it is often 
impossible to make out any further evidences of this non- 
staining area, thougli frequently there may be a nonpig- 
mented area which ttikes on a clear blue color like the rest of 
the parasite. With the agglomeration of the pigment gran- 
nies and the beginning of the sporulation the imrasite as- 
sumes a somewhat granular or mottled appearance, duo to tlie 
development of small more deeply staining spots throughout 
the substance. Finally, it is possible to make out that these 
spots form piu't of a large nnml}er of small separate blue 
rings, each having exactly tho same etractare as the fresh 




54 LECTURES ON THE MALARIAL FEVERS. 

intra-corpuscular bodies excepting that they are a little smail- 
er. In the segmenting body, before separation of the seg- 
ments, it ia difficult to make out the structure of the neparate 
epores, ob they are crowded together and often overlap one 
another. 

These appearances are readily to be observed ; they cor- 
reepond fairly well, ae will be noted, to the observations of 
Mannaberg. In epecimeiie prepared in the ordinary manner 
the deep lilac chromatic substance described by Roraanovaky, 
Geppener, and Ziemann has not been apparent. It must be 
Baid, however, tliat our researches have been largely made 
upon fresh specimens, and we do ndt feel, ae yet, in a posi- 
tion to dispute their results.* 

In the large swollen extra -cellular forme there is no evi- 
dence of the clear area which ia called by so many obaervere 
the nucleus, while the parasite also takes a very pale stain. 

Attempts to stain flagellate bodies have always been un- 
snccessful, inasmuch as they are practically never to be found 
npon the freshly prepared slide. Sakharov alone l)elieve9 
that he Iiaa succeeded, lie makes a fresh specimen of blood, 
and at the same time puts a number of covers, each with a 
small drop of blood upon it, into a moist chamber. As soon as 
flagellate bodies are observed in the fresh specimen under the 
microscope the covers are removed from the moist chamber 
and smear preparations made. In these preparations Sakha- 
rov believes tJiat he is able to stain the flagellate fonns with 
gentian violet. In later observations f he has stained these 
bodies with eoain and methylene blue, and convinced himself 
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that tlie motile flagella represent the chromatic filaments of 
tlie nucleus which have, by a perversion of the procesa of 
karyokinesia, broken loose from the cell. 

Other observerB have not confirmed these results. 

As has been mentioned above, Golgi in 1885 pointed out 
the i-emarkable connection which exists between the develop- 
ment of the pai-asites and the clinical symptoms. It is easy 
to confirm his assertions that the paroxysms which in tertian 
fever occur so regularly at intervals of forty-eight honra, are 
associated invariably with the segmentation of a group of ma- 
larial parasites. The first segmenting forma are discovered in 
the blood several hours before the onset of the paroxysm, 
while during and toward the end of tlie paroxysm the appear- 
ance of a new group of bodies, as shown by the fresh hyaline 
forma witliin the red corpuscles, is to be made out. So reg- 
ular is the association between the cycle of development of 
the parasites and the clinical manifestations of the case, that 
one may, within certain limits, prophesy the hour at which a 
paroxysm will occur. 

Very commonly the blood sliows evidence of an infection 
with two groups of parasites. These groui)s are almost in- 
variably so arranged that they reach maturity on alternate 
days. As might be expected, in this case the clinical manifes- 
tations are those of quotidian fever. 

As has l>een already stated, the parasite at the time of its 
eporuli'tion has almost entirely destroyed the red corpuscle. 
In certain instances, however, sporulating forms may he 
found within corpuscles which are no lai^r than the normal 
red cell, and which are but little decolorized, Bastiauelli and 
Bignami*are inclined to believe that such bodies are more 

• Op. HI. 
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common in cases of anticipating tertian fever — a fact suggest- 
ing, therefore, a definite connection between the anticipation 
in the segmentation of the parasite and the clinical manifes- 
tations of the case. 

Our observations have not been sufficient to justify us in 
forming a definite opinion concerning this point. We have 
seen not infrequently the presence of occasional small sporu- 
lating bodies in association with larger forms in cases which 
showed no very marked anticipation. 

Very rarely one finds evidences of infection with multiple 
groups of the parasites, or perhaps the presence of parasites 
in all stages of development. This is a discovery which is 
most unusual with the tertian organism. 

In over one thousand cases of malaria, the majority of 
which have been infections with the tertian parasite, we have 
never observed a case in which two well-marked groups of 
tertian organisms segmented on the same day. 

(2) The Pardsite of Quartan Fever {HcemamcBba malarioBj 
Grassi). — The quartan parasite is relatively rare in this coun- 
try. I have observed it in ten or fifteen instances in over one 
thousand cases at the Johns Hopkins Hospital. The blood 
in quartan fever, as in the case of tertian fever, shows the 
presence of parasites in great groups, all the members of 
which are at relatively the same stage of development. The 
cycle of development of the quartan parasite lasts approxi- 
mately seventy-two hours. Thus in infections with one 
group of this organism, sporulation occurs every fourth day. 

The earliest intra-corpuscular forms are similar to those 
of the tertian parasite ; the small amoeboid bodies, indeed, are 
practically indistinguishable. Soon, however, after pigment 
begins to appear within the body certain diflferences are to 
be noted. The pigment in the young quartan parasite is dis- 
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tinetly coarser than in the tertian organism, while it lias also 
a darker, deejier brown color, possibly owing to the greater 
size of tlie granules. The yoimgeet pigmented forms are etill 
quite actively amceboid, and excepting for the size and color 
of the pigment, which also tends to collect toward the pe- 
riphery of the organism, they are difficult to distinguish from 
the tertian forms. (Plate II, Figs. 3-5.) 

As the body increases in size, liowover, and more pigment 
develops, the distinction between the two varieties is more 
readily made. The quartan parasite shows a much clearer 
and sharper outline than the tertitm organism ; it has a some- 
what refractive appearance. The dUference in refraction 
and distinctness of outline between the tertian and quartan 
parasite may be comimred to tlie difference between a pale 
hyaline and a waxy cast in tlie urine. The movements of the 
quartan parasite are slow and lazy, while the pigment is very 
much less active. The organisms, as early as the second day^ 
are usually represented by small, round, or ovoid bodies^ 
which show but little amceboid movement. They are very 
distinct in outline, and contain relatively coarse, dark-brown 
pigment grannies lying about the periphery, collected usually 
more at one side. (Plate II, Figs, Q, 7.) 

The behavior of the red corpuscle which harbors the 
quartan organism is in marked contrast to that of the element 
in which a tertian parasite develops. In the latter case the 
corpuscle becomes expanded and decolorized. In the former 
there is rather a tendency toward retraction of the corpuscle 
about the body, while its color becomes, if anything, a little 
deeper, showing sometimes a somewhat greenish hue, like' 
that of old unpolished brass. 

As the organism increases in size the amoeboid move- 
ments practically cease. The pigment becomes, coarser and ia 
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extremely slow and lazy in its movements, wliile tlie contrac- 
tion of the red cell about the body becomes more evitlent. 
On tlie third day the round or ovoid parasite is sur- 
rounded by but a very small rim of deeply colored corpuscu- 
lar substance. (Plate II, Fig. 8.) Finally, after about sixty 
hours, the wholly motionless parasite is surrounded by an al- 
most imperceptible rim of protoplasm. In fresh specimens 
the parasites very frequently have a somewhat elliptical shape. 
(Plfttell, Figs. 9-11.) 

Shortly after this the small rim of red corpuscle entirely 
loses its Goli>r, while the first evidences of the reproductive 
process set in. Such parasites usually impress one as being 
free in the blood, though in stained spoeimeus the remains of 
the surrounding red corpuscle are always to be observed. 
Tlie first e\-idence8 of segmentation are usually made out 
about ten hours before the paroxysm. The pigment, as in 
the tertian parasite, tends to collect toward the centre of the 
body ; but during the process of collection it often assumes a 
radial arrangement, as though it flowed inward in distinct 
streams. (Plate II, Figs. 13, 13.) 

Figures showing this starlike arrangement of the pigment 
are in my experience quite cliaracteristic of the quartan para- 
site. I have never observed similar pictures in segmenting 
tertian organisms, and have more than once been led to recog- 
nize a quartan infection by coming upon one of these bodies 
under the microaeope. At the same time the body begins to 
show the opaque, slightly granular, waxy look which was de- 
scribed in the tertian organism, and small refractive points 
appear about the periphery. 

Here, however, the figures are nsually much more regular 
thau in the case of the tertian parasite. The radial striations 
which mark out the future divisions into segments reach 
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completely to the central pigment clump, which eventually ib 
surrounded t»y froui six to twelve extjuieitely symmetrical 
leaflets, tlie whole meriting well the term Marguerite or ro- 
Bettfl form so fre<jently applied to them. This Email number 
of aegmeots, from six to twelve, is characteristic of the quar- 
tan organism. The process of separation of the segments is 
exactly similar to that in the tertian parasite. (Plate II, Figs. 
14, 15.) 

Often, though somewhat less frequently than in the case 
of the tertian parasite, large, pale, free, extra -cellular forms 
of the quartan organism may be observed. These forms 
show changes quite analogous to those in the similar forms of 
the tertian parasite. They become expanded and pale, while 
the pigment granules become most actively motile. They 
may further undergo deformation, fragmentation, and vacuo- 
lization, as in the case of the tertian organism, while occa- 
sionally also flagellate forms may he observed. These flagel- 
late bodies, as in the case of the large, free, extra-cellular 
forms, are distinctly smaller than the corresponding t«rtian 
parasite. They are more similar to those oliaerved in the 
ffistivo-autunmal parasite. (Plate II, Figs, 16, 17, 18.) 

The quartan parasite, then, is to be clearly distinguished, 
morphologically and biologically, from the tertian organism. 

(1) It difEers in size, being smaller throughout its course. 

(2) It is more refractive, and has a more distinct outline 
than the tertian organism, 

(S) The amceboid movements of the quartan parasite are 
relatively much less active, 

(4) The pigment granules in the younger forms are 
coarser, darker, and tend much more to seek a peripheral 
arrangement. 

(5) The activity of the pigment granules is much less, the 
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movements of the pigment in the qoartan organism being 
extremely slight after the first twenty -four hours. 

(6) The sporulating forms are much more regular, and 
show a smaller number of segments, from six to twelve, 
instead of upwards of fifteen. Furthermore, they are arranged 
as definite regular leaflets about the pigment clump. Never, 
apparently, in the quartan parasite, do we see the irregular 
breaking up of the organism into segments. 

(7) The pigment as it collects into a single mass or block 
before segmentation, tends to flow in toward the centre in 
radial lines, forming a star-like picture not seen in the tertian 
bodies. 

(8) The cycle of development lasts approximately seventy- 
two instead of forty-eight houra. 

(9) Its effect upon the surrounding corpuscle differs from 
that of the tertian parasite in that, instead of becomins: ex- 
panded and decolorized, the red element becomes rather re- 
tracted and deeper colored. 

The staining reactions of the organism appear, from a 
limited number of observations, to be essentially the same as 
in the tertian organism. 

Not infrequently we find more than one group of para- 
sites, and, as in tertian infections, these groups almost invari- 
ably reach maturity on different days; thus we may have 
infections with two or three groups of quartan parasites. It 
may be that infections with more than three groups of 
quartan organisms occur. Such cases, however, I have never 
observed. 

The same rules with regard to the clinical manifestations 
apply here as in tertian infections. Where one group of 
organisms is present paroxysms occur every fourth day; 
where two groups of organisms are present the paroxysms 
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"oecur on succesaive days with a day of iiiterraisaion between. 
Where three groups of organiBma are present quotidian par- 
oxysms reauit. 

(3) The Parimte of the jEsti/vo-autumnal Fever {Rarnia- 
to20on falcipaTnim, Welch). — While of recent years many 
ohservers have given their special attention to the paraaitea 
associated with the irregular ffistivo -autumnal fevers, we must 
acknowledge that the subject ia yet far from being clearly 
nnderatood. Infections with the seetivo-autumnal parasites 
differ in several respects from those with the organisms just 
described. It will be remembered that one of the most strik- 
ing characteristics of the tertian and quartan parasites is their 
tendency to be a^regated in great groups, all the members of 
which are at approximately the same stage of dovelopuieiit, 
passing through their cycle of existence, reaching maturity, 
and sporulating practically at the same time. Further- 
more, the length of the cycle of existence is relatively 
constant in each variety of the organism, lasting about 
forty-eight hours in the one instance and seventy-two in 
the other; from this rule, variations, while they do occur, 
are hut slight. 

In the case of the (estivo-autumnal parasite, while we have 
been able to study all the stages of the existence of the 
organism morphologically, many questions with regard to its 
biology remain unsettled. Thus there ia reason to doubt 
that the H;ime constant aggregation in groups is the rule, 
while the length of the cycle of development of the parasites 
is by no meanx as yet clearly determined and is very probably 
open to extensive variations. 

Again, in tertian and quartan infections, particularly in 
the latter, it will be remembered that we are able to observe 
all the stages in the life history of the paraeito in the circulat- 
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ing blood, to follow out the development of the oi^nism, and 
to prophesy with considerable accuracy, from the stage of 
development of the parasites present, the time at which the 
succeeding paroxysm will occur. In infections, however, with 
the sestivo-autumnal organism, only the earliest stages of 
its development are ordinarily to be found in the peripheral 
circulation, while occasionally, perhaps, in most severe infec- 
tions prolonged examinations of the blood from the peripheral 
vessels reveal little or nothing. In the spleen and bone mar- 
row, however, one may find all stages in the development of 
the parasite, while only certain of the youngest forms appear 
in the peripheral circulation. 

It is thus easy to see why our knowledge concerning many 
points in the life history of the organism is much more im- 
perfect than in the case of the preceding varieties, which may 
be so readily studied throughout their cycle of existence. By 
repeated examinations, however, of the peripheral blood, as 
well as of the blood obtained by punctures of the spleen, we 
have been able to trace, at least in part, the life history of the 
parasite. 

Owing to the fact that we can not follow out all the 
phases of the growth of the parasite in the peripheral circu- 
lation, and because often we find organisms present in all 
stages of development in the spleen, there has been much dif- 
ficulty in determining the length of the cycle of existence, 
and many different opinions are held. Thus, it will be re- 
membered, Canalis believes that under ordinary circumstances 
the cycle lasts two or three days at least, while others believe 
the ordinary cycle to be as short as twenty-four hours. 
Marchiafava and Bignami believe that they can separate two 
distinct varieties of the parasite, one having a cycle of de- 
velopment lasting about twenty-four hours, and the other 
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about forty-eight hours — parasites which they have termed 
the quotidian and malig-mmt tertian organisms. 

Golgi, however, who, it will be remembered, holds the 
interesting view that the main development of these parasites 
occure in the internal organs within the bodies of macro- 
phages, insists that as jet our knowledge of the duration of the 
cycle <}f existence is quite incomplete, and leans toward the 
view that tlio cycle may vary greatly in length, in some in- 
stances l>eing considerably longer than tliat of any other known 
form of the organism. 

Our studies of the organism have not as yet enabled us 
to settle these much-disputed questions. From a number of 
simultaneous observations of peripheral and splenic blood wo 
are inclined to believe tliat in moat cases, at tlie beginning of 
the infections at least, the organisms are arranged in groups, 
just as in tertian and quartan fevers. We have not, however, 
been able to convince ourselves of the existence of the two 
distinct varieties of the pamsite which Marchiafava and Big- 
nami and Mannaberg describe. The differences between the 
two varieties of tlio organism as described by these observers 
are so slight that we are inclined to believe they result simply 
from the fact that the organisms grow larger and accumulate 
more pigment in those instances where tlie cycle of develop- 
ment is longer. 

We further believe that while in some instances groups of 
parasites of this variety pursue a cycle of development last- 
ing but twenty-four hours, or possibly even less, in others, 
probably, the duration of the cycle is longer, lasting, per- 
haps, forty-eight hours, or even more. To these ideas we 
have been led especially by the study of cases early in their 
conrae, when tbey show a more or less regularly intermit- 
tent character, while the parasites appear to be arranged in 
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groups. Later on, in the course of aueh eases, examination of 
the splenic blood may show organisms in all stages of develop- 
ment, and it is practically impossible to determine whether or 
not actual groups are present ; the clinical symptoms usually 
suggest eitlier the presence of multiple groups or the com- 
plete absence of such arrangement. We have been unable to 
convince oureelvos of the existence of two distinct varieties of 
the parasite. 

It will be remembered that while the tertian parasite par- 
Bnea a cycle of existence lasting about forty-eight hours, and 
the quartan parasite a cycle lasting al)out seventy-two hours, 
these figures are, however, not absolute, and cases not infre- 
quently occur in which the length of the cycle varies consid- 
erably from the mean. This is particularly true of the tertian 
parasite, where anticipation and retardation of several hours is 
not at all uncommon. 

Now our observations suggest to us that the panisites asso- 
ciated with the testivo-autumnal fevers, without showing con- 
stant differences justifying their separation into two groups, 
yet possess a cycle of development which is subject to vari- 
ations similar to those occurring in the case of the tertian 
organism, but so much greater that its duration may in some 
instances be at least forty-eight hours, in others as short as 
twenty-four hours. Transitional stages between these parasites 
with longer and shorter cycles appear to occur. 

So, then, we must regard the sestivo-autumnal parasite as 
an organism whose definite arrangement in groups is certainly 
less constant than in the case of the other varieties; the 
length of whose cycle of existence is as yet undetermined, and 
is probably very variable ; whose life history is to be followed 
out for the most part in the internal organs ; whose morphol- 
ogy alone has been fairly well traced. 
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The yonngest forms of the Eestivo-autuninal parasite are 
Bimilar to those of the tertian and quartan organisms, and yet 
certain rather eliaraeteristic points of difference may often be 
made ont. In the first place the youngest forms are smaller 
than similar stages of the parasites of the regularly intermit- 
tent fevers. 

They often appear as very small, round, refractive bodies 
with a central darker point, which at first gives one the 
impression that he is looking upon a complete ring ; on 
focusing, however, it would appear rather to be indicative of 
a biconcavity of the paraeite. This point is commonly not 
exactly at the centre of the body, but a httle to one side, eo 
that the appearance is not unlike that of a seal ring. 

Many have believed that these forms represent true 
rings. Tliat this is not the case the skilled observer may 
readily convince himself, not only by focusing but also by ob- 
serving the changes which take place in such a body. If one 
of these forms be watched for a short time certain striking 
changes may generally be made out. The small, ring-like, 
refractive body which may at fii-st have been quite mo- 
tionless, suddenly loses much of its i-efractivenees, becomes a 
trifle expanded, and shows marked imdulatory waves about the 
periphery. With this change the central spot, which looked 
like the lumen of a ring, suddenly disappears. Such a pale, 
amteboid, hyaline disk is not to be distinguished from a ter- 
tian or quartan organism. Its movements are active and 
irregular, and every conceivable picture may result. At any 
moment, however, such a form may suddenly cease to be 
amsboid, change into a pale disk, and from that quickly 
again into a smaller refractive ring-like form. (Plate III, 
Figs. 1-H.) 

As the boilies increase slightly in size, at n period differ- 
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ing in different caeeB, pigment granules begin to appear. TLe 
pigment, however, ia very scanty. In the emal! ring-like or 
dbk-like body, which may be no larger than a fifth the diam- 
I eter of the red corpuscle, one or two extremely minute dark- 
I brown pigment granules may be observed lying usually upon 
tlie periphery of the parasite, or eometinies about the border 
of the central lumen-like depression. The first granules are 
BO minute that only tlie skilled eye detects them. They are 
oanally motionless, though eometunes they may be seen to 
dance actively. (Plate III, Figs. 8-12.) 

One of tlie most striking features connected with the 
growth of the parasite is the behavior of the red corpuscle 
which contains it. It will be remembered that during the 
growth of the tertian organism the red corpuscle becomes pale 
and expanded, and finally entirely decolorized, while during 
the growth of the quartan parasite the red corpuscle tends 
rather to retract about the organism, assuming sometimes a 
deeper, somewhat brassy color. 

In infections, however, with the Bestivo-autumnal parasite 
the corpuscles often show more marked degenerative changes. 
While in tertian and quartan infections the disks con- 
taining the very youngest forms of tlie parasite show almost 
no points of difierenee from the normal red corpuscle, in tes- 
tivo-autumnal fever the changes may come on very early. 
Not infrequently in the presence of the smallest ring- 
ahaped forma we may notice that the surrounding corpuscle 
has become wrinkled and crenated or spiculated and of a very 
distinct greenish brassy color (glohuli rosai ottfmati). In 
other instances the hsemoglobin may retract from the periph- 
ery of the red disk about the small parasite, leaviiig the 
pale rim of the corpuscle still visible upon one side. The col- 
ored part of the corpuscle in these instances is almost always 
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of a eomewhat brafisy liue. These changes are probably to bo 
interpreted as necrobiotic. (Plate III, Figs. 7, 13, 16, 22, 23, 
29.) 

According to Golgi, it is to these changes that the great 
accumulation of parasites in the aploen and certain internal 
organs is due, the necrotic red corpuscles being readily en- 
gulfed by macrophages. 

As the parasite continues to develop the few pigment 
granules gradually increase, though often at the end of de- 
velopment they arc scanty in numlrer, Tlie parasite itself 
often reaches its complete development before it has acquired 
half the diameter of a normal i-ed corpuscle, though in some 
instances forms may he found wliich are nearly as large as 
the red cell. 

As the full development of the parasite is approached, the 
pigment begins to gather toward a single point, usually near 
the centre of the body, at first iu a small clurap, and later 
nsually as a definite minute block. In some instances the 
pigment before being fused into a block, may show more or 
less active movement. Never in this stage of the sestivo-au- 
tumnal parasite do we see bodies with diffusely scattered pig- 
ment. The older the form of the parasite tlie more frequent- 
ly does the containing corpuscle show degenerative changes in 
the forms of crenation, spiculation, or partial decolorization, 
though not hifrequently full-grown fonus may he seen in 
quite unaltei-od corpuscles. (Plate III, Figs, 13-24.) 

In the full-grown bodies with central pigment blocks, 
bodies which may be anywhere from one fifth the diameter to 
nearly the actual diameter of a red blnod-corpuscle, segmen- 
tation takes place in a manner quite similar to that described 
in the tertian parasite. The organism takes on the slightly 
opaque, waxy look ; there is the same appearance of small 




63 LECTintES ON THE MALARIAL FEVERS. 

glistening dots, the same gradual development of radial stria- 
tion, the same gradual separation into minute segments. The 
parasite here, as shown in the plate (Plate III, Figs. 25-28) 
breaks up, as does the tertian orgatiiam, throughout its entire 
substance, and not always with the perfect symmetry of the 
organism of quartan fever. 

It may be remembered that in tertian and quartan fever, 
when segmentation actually occurs, the red corpuscle is neu- 
ally completely decolorized. This rule does not appear to 
hold in the case of the (estivo-autumnal organisms, as Marclii- 
afava and Bignami describeil characteristic segmenting bodies 
occurring within yet unchanged red-blood corpuscles. Some- 
tunes such forms may he seen in shrunken or brassy corpus- 
cles, or in corpuscles whose coloring matter has retracted 
about the parasite. Usually, however, according to our obser- 
vations, the surrounding corpuscle has entirely lost its color 
at the time of segmentation. 

The great point of difference, however, between the para- 
site of ffistivo- autumnal fever and those of the regular tertian 
and quartan fevers consists in the fact that only the youngest 
forms in the development of the organism are to be observed 
in the peripheral circulation. Thus while small, hyaline, 
ring-shaped, and amaiboid forms are common, and also fomis 
with one or two peripherally arranged pigment granules, the 
forms with central pigment clumps and blocks are unusual. 
These are most frequently seen during or just before the par- 
oxysm. 

If, at the same time, we aspirat* the spleen, we find enor- 
mous numbers of these more developed bodies, and, not infre- 
quently, segmenting forms. It is a very striking point, how- 
ever, that the great majority of the more developed forms in 
the spleen are to be found within shrunken and brossy-col- 
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ored corpuscles, which in turn are not infrequently within 
the bodies of macrophages — an observation which lends some 
plausibility to Golgi's idea that an actual development of the 
parasites may occur within macrophages. 

Actual segmenting bodies are very rarely observed in the 
peripheral circulation, though most of the Roman observers 
agree in stating that under rare circumstances an occasional 
example may be found, while Sakharov asserts that in Tiflis 
he has found them with greater frequency. At the medical 
cUnic of the Johns Hopkins Hospital we have observed actual 
segmenting bodies in the peripheral circulation in only two 
instances. 

As I have said above, the length of this cycle is uncertain. 
We believe that it may last froin twenty-four to forty-eight 
hours, and possibly even more. 



LECTURE III. 

Description of the haBmocytozoa of malaria {eoniimied), — General conditions 

under which the malarial fevers prevail. 

Crescentic and Ovoid Bodies. — After the fever has lasted 
for a week or more, other forms of the parasite, which are 
characteristic of this type of fever, occurring here alone, 
begin to appear in the peripheral circulation. They may 
be made out in the internal organs at times as early as 
the fifth day. These are large ovoid and crescentic bodies, 
the crescents being sometimes considerably longer than the 
normal red corpuscles, the ovoid bodies almost as large as 
the ordinary red cells. The protoplasm of these elements 
is highly refractive, so much so that they appear often to 
have a double outline, which many observers have interpreted 
as a membrane. The periphery, however, often shows a 
slight yellowish rim; in stained specimens there is good 
proof that this represents a coating derived from the red 
corpuscle in which the parasite has developed. 

On the concave side of the crescentic or at one side 
of the ovoid body we may observe a slight convex bib-like 
attachment; this reaches in some specimens from tip to tip 
of the crescent, though in most it covers only the depth of 
the concavity. This bib often shows distinctly a pale yellow- 
ish color, indicating clearly that it represents the remains of 
the red corpuscle ; it may have more color and show a cre- 

nated border. 
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There lias been much diBcuesion ninong different observerB 
ae to tlie origin and Hignifieance of these crescentie and ovoid 
bodies, Grassi and Feletti,* for instance, believe that they 
are a separate Bpeciea of tlie parasite (Lavero/nia malaAis). 
This view is, however, probably incorrect, ae their origin 
from the smaller forms belonging to the ordinary cycle of 
development may tie traced with considerable distinctness. 
It seems probable that after the infection lias lasted for from 
a week or ten days, certain of the full-grown parasites instead 
of undergoing segmentation, continue to develop in size and 
to accunmlate pigment, destroying gradually the red corpuscle 
aa they grow. Every stage of transition may he ma<le out 
between the small bodies and the larger crescentie and ovoid 
forms. 

At first the small bodies be^^ to show coarser, more rod- 
like pigment granules, whCe the parasite assumes usually a 
fusiform shape. The fusifonn bodies grow, stretcliing the red 
corpuscle as they lengthen. The corpuscle sometimes becomes 
crenated ; nsually paler. Generally by the time the body 
reaches about the length of the normal diameter of the red 
cell it begins to mould itself along one side of the corpuscle 
and to assume a ere.wentie shape. The pigment is scattered 
throughout the substance of the parasite in the younger 
forms ; in the older it is collected in a more or less compact 
clump or ring toward the middle. The grannies and rods of 
pigment become gradually coarser. Sometimes we may trace 
the progressive decolorization of the body of the red cell, the 
coloring matter retracting closely about the crescent and 
forming the glistening contour. 

The relation of these bodies to the red corpuscle is quite 
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clear. Developing within it, and destroying it until nothing 
is left but a pale shell, the crescent, which has more body than 
the decolorized corpuscle, becomes enveloped by the shell as 
with a moist veil. The shell of the corpuscle thus clinging to 
the body, furnishes it with the outer coat which to so many 
has suggested a membrane, while the remains hang from the 
concavity as a bib. 

The crescentic and the ovoid bodies are readily inter- 
changeable. One may observe upon a single specimen the 
transition of one form into the other. 

We have never been able to observe reproductive changes 
in these crescentic and ovoid forms, and we are convinced 
that they do not occur. This idea is, however, disputed by 
certain observers, Canalis,* Antolisei and Angelini,t Grassi 
and FelettijJ and later Temi,* asserting that segmentation 
does take place. 

Certain other changes, however, we have repeatedly fol- 
lowed out. Not infrequently crescents or ovoid bodies may 
be seen to change into symmetrical round forms somewhat 
smaller than the normal red corpuscles. To these the remains 
of the red corpuscles may be attached, though in some in- 
stances no evidence of the red cell is to be made out, while the 
sharp, glistening, membrane- like rim is lost. In these round 
forms the pigment often has a marked tendency to collect in 
the shape of a ring. Wlierever such forms are to be found 
we may expect to see the development oi flagellate bodies. 

The process of the development of the flagellate foi*m is 
much the same here as in the other types of malaria. The 
central pigment first becomes extremely active; there are 
marked undulatory movements of the periphery of the body, 

* Op, cit, t QP' <^*^» t Op, ciL * Op, cit. 
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and finally delicate flagelia, eimilar to tlioee observed in the 
tertian and quartan organieuis, break out from the periphery. 
The flagellate forms in ajstivo-autumnal fever are not ma- 
terially different from those observed in tertian and quartan 
fever, excepting for the fact that they are a trifle smaller than 
the tertian bodies. Tliey bear a strong resemblance to the 
quartan flagellate forme. 

Vacut'lisaium of the crescentic, ovoid, or round bodies 
is not very uncommon. This is usually associated with a 
diminution in the refract! veneas of the parasite and often 
with a lose of its regular outline. The vacuoles are small, 
but may vary considerably in size, sometimes becoming con- 
fluent and larger. Such a fonn is shown in No. 37 of Plate 
II. The process is evidently degenerative. 

Further, we may observe in certain instances the protru- 
sion of small, delicate, bud-like bodies which are cut off from 
the cell; this probably repi-esente a, fra^gmentative, degenera- 
tive process (pseud o -gemmation). 

Under quinine the forms of the ordinary cycle of devel- 
opment disappear rapidly from the peripheral circulation, 
just as in the case of the tertian and quartan parasites. The 
crescentic and ovoid bodies may, however, remain for a much 
longer time, sometimes even for months. In many instances, 
however, the presence of these bodies appears to have no 
influence whatever upon the general condition of the patient 
who has apparently entirely recovered. 

Wliat is the significance of these bodies ? This is a qnee< 
tion which has been much disputed. Canalia * and his fol- 
lowers, Temif and Ciiardina,t as well as AutuHsei and An- 
gelini * believe that they represent forms having a longer 
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cycle of development, asserting that tliey liave been aWe to 
find undoubted reprodnetive forms. 

Graesi and Feletti * and Sttkharov i- believe that they are 
capable of reproductiou, although in the opinion of these 
anthors they represent a distinct and separate variety of 




Mannaberg^ holds a view which differs distinctly from 
other observers, a view which is as yet unconfirmed, and seems, 
on the whole, improbable. He believes that the crescenta 
result from a pseudo-conjugation of two smaller forms exist- 
ing in the same corpuscle. He also believes that tliey are in 
some way or other capable of reproduction. 

Sakharov," who baa advanced the remarkalile view that 
the festivo- autumnal parasites develop in nucleated red cor- 
puscles, believes that the crescenta represent forms which 
enter the corpuscle at a particularly young stage, before the 
development in the cell of any large amount of htemoglobin. 
Tliey obtain their nourishment from tlie nucleus, about which 
they grow, thus taking their characteristic shape. 

Marchiafava, II Bignanii,-'' Celli,^ and Baetianelli believe, 
on the other hand, that tlie crescents represent deviate and 
sterile forms of the organism, which are quite incapable of 
reproduction. More recently Bignaini and BastianelU have 
given utterance to the interesting hypothesis that these organ- 
isms may represent some more resistant form of the parasite, 
which is sterile as long as it remains within the human being, 
but which is perhaps capalile of further development on 
transmission to some other medium. Bastiunelli and Big- 
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nami * call attention to tlie fact that in certain other aUied 
Bporuzoa, after the parasite has passed through ite ordinary 
cycle of existence a certain number of times, there appear 
otiier forms, uBually encysted, wliich are stationary as long as 
they remain witliin their origins] host, but are destined to 
preserve tlie organism for further development outside the 
body. 

We iiave ourselves never been able to observe eegmentinp; 
forms which we believed to be derived from creseentic, ovoid, 
or round bwlica, nor have we been able in any way to con- 
firm Maimaberg'a ideas. Everything suggests that the cres- 
cents themselves are uicapible of further development within 
the body of the individual, and there ie much which rendeni 
the hypothesis of Bignarai extremely plausible. 

Essentially the same ideas witii regard to the nature of 
the crescent have been independently advanced by Mangon.f 

"With the object in view of testing some of these hypoth- 
eses, I have made several incomplete though not uninteresting 
experiments. 

In the iirat instance it was desired to test the capability of 
the ereecentie forms to transfer an infection on inoculation. 

In all previous instances where inoculations with cres- 
eentic bodies have \<ean made there is good reason to believe 
that hyaline amoeboid forms were also present, though per- 
haps in small number. In this instance an hypodermic syr- 
inge full of blo'xl showing only ovoid and creseentic bodies 
waa injected into the median basilic vein of an healthy man 
who volnntarily offered himself for the exjieriment. The pa- 
tient from whom the blood waa taken was convalescent from 
his first attack. Ho had had quinine for four days, during 
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wbicli time no bodies excepting cresceiitic and ovoid forms 
were to be found in the peripheral eircnlation. 

The inoculated indivitUial whh carefully observed for five 
weeks. There was never any fever, uor did parasites appear 
in the blood. The inoculation was made in the mouth of 
August. Tliis observation would tend to uphold the views of 
Marchiafava and his students, that the crescents are sterile 
forms and unable to produce fever. 

The other experiments were made with & view to deter- 
mine whether by preserving crescents outside of the body 
changes might not take place which would enable tliem or 
their remains to give riwe to an infection on reintroduction 
into the human organism. In these instances the blood was 
taken from an individual with an acute infection who had not 
taken any treatment. The blood, containing numerous young 
amreboid forms as well as crescentic and ovoid bodies, was 
taken in sterile Petri dishes, dried in a deeicoator, and pulver- 
ized. In the fine brick-red powder wliicli resulted, masses 
of pigment were to be made out as well as 'occasional distinct 
remains of crescentic bodies. These latter looked somewhat 
granular, and had lost their refractive appearance and sharp 
outline ; they were, however, readily recognizable as un- 
doui)ted crescents. With tliis powder two experiments were 
made upon voluntary subjects. 

(1) A small quantity of the powder was mixed with ster- 
ile salt solution and injected into the median basilic vein of a 
patient with a progressive myopathy. 

(2) The dry powder was placed in an insufflator and in- 
haled by a patient with multiple sclerosis. 

Neither patient had ever been the subject of malarial in- 
fection. 

The results were negative in both instances. There waa 
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no eolistitotional disturbance of any sort, nor did parasites 
appear in the blood. Both patients are yet under observation 
nearly a year after the experiment. 

Hie Staining Reactions of the ^stivo-autummd Para- 
eite. — Our Btndiea, aa has been before stated, have been largely 
carried on with freeh Bpecimens, so that for particulars upon 
this point I inuat refer you to the excellent work of Bastia- 
nelli and Bignami,* and that of Gotye. + As far as our 
studies have gone — and they have been limited mainly to 
the youngest amceboid forme and the crescentic and ovoid 
bodies— they agree entirely with the results of the Italian 
observers. 

The youngest forms are represented by extremely delicate 
blue rings, each of which has a small deeper staining spot at 
one point on the periphery. In the more advanced bodies 
with central pigment block (pre-scgmenting forms), the proto- 
plasm, according to Bastianelli and Bignami, stains diffusely 
blue, the deeper staining spot having entirely disappeared. 
Later it is noted that the parasite stains more markedly at its 
periphery, and finally individual deeper colored spots begin 
to appear, which eventually become the more deeply staining 
chromatin granules of the fresh rings. 

The cresceTits stain more palely than the other parasites. 
The poles take a pale bluish color, while in the centre of the 
parasite, in the rcgicm wlicrc tihe pigment granules are usually 
collected, there iw a oolorless space. There is, however, as a 
rule, no deeper staining chromatin spot to be made out. The 
color of the parasite itself in specimens stained witli eosin and 
methylene blue is often not a pure blue, but of a somewhat 
lilac tint. 
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The creBccnt is always eurroiinded by a slightly reddish 
horder, which may be clearly distinguished as the remains of 
the red blood-corpuscle in which it has developed. It is 
donbtleee in part this membrane which gives the crescent its 
peculiarly refractive double outline. 

For a more minute description I must refer you again to 
Sastianelli and Bignami. 

C<mcei^niiig the Nature of the Flaffellate SoJiea. — Many 
views have been held concerning the nature of the flagellate 
bodies which are observed in all forms of malarial fever. 

Laveran,* the discoverer of the parasite, believes that 
they represent the final and most perfect stage of develop- 
ment of the organism. He calls attention to the remarkable 
regularity in the shape of the llagella, to their extraordinary 
activity, to the power of individual motion which they possess 
when separated from the central body. lie believes that the 
flflgeila are preformed elements which have developed within 
a cyst, represented by the growing parasite. 

The same view is held by Danilevsky \ concerning similar 
bodies observed in birds. 

Dock X likewise considers them " resting states of the 
organism, capable of existing independently, perhaps even 
of reproducing themselves, but also capable under favorable 
circumstances of reproducing the typical growth of the para- 
site." ' 

Mannaberg * also believes that the flagella represent " or- 
gans which permit the parasite to enter into a saprophytic 
existence." " I suspect," says he, " that the flagellate bodies 
enter upon the first steps of a cycle of existence outside the 
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human body, and that as a result of the unfitting culture 
medium the death of the young eporos (lecurs." 

Golgi * conaidera the flagellate bodies to be a passing phase 
in the development of the crescents. He appears to suggest 
that they are degenerate forms. 

AntoUsei was strongly of the opinion that flagellation is a 
degenerative process. lie uotwi particularly that in the ter- 
tian parasite the flagellate bodies develop only from the large, 
Bwollen extra-cellular forms of the organism. These forms, 
he asserts, never segment, but undergo only degenerative 
changes — fragmentation, vacuolization, and flagellation. He 
believes the flagella to be sarcodie prolongations of the pro- 
toplasm. He asserts that lie has seen vacuolization of the 
flagellate body itself. 

Grflssi and Feletti f beheve also that they are purely de- 
generative forms, representing changes exactly siiniiar to 
those occurring in the red corpuscles when subjected to high 
temperatures. 

Marchiafava and Celli J and their school are of a like 
opinion. They call attention to tlie fact that the flagellate 
bodies in tertian and quartan fever develop only from the 
large, full-grown extra-cellular forms. These large forma, 
they assert, as di<l Antolisei, never go on to segmentation, but 
show only degenerative changes — vacuolization, fragmenta- 
tion. 

In lestivo -autumnal fever the flagellate (irgnniema develop 
only from the round bodies, wliich in turn come from the 
ovoid and crescentic forms. These bodies also, they say, are 
never olteerved to segment, and, with the exception of the 
flagellation, show only processes of vacuolization and psendo- 
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gemmation {fra^^entatioTi), which are degenerative in nature. 
The analogy, they aesert, between these proceasee is bo close 
that there can be no doubt that flagellation ie a purely degen- 
erative change. 

Sakharov * haa recently advanced a very ingenious hypoth- 
esis, which, however, needs confirmation. He beheves that 
he has demonstrated that the flagella represent the chromatic 
filaments of the nucleus of the parasite ; that the process of 
flagellation representa a perversion of karyokineais, the chro- 
matic filaments breaking loose from the body and appearing 
ae the mobile flagella. 

Manson f lias recently reasserted the riew that the flagella 
represent the forms in which the malarial parasite exists out- 
eide of the human body. This supposition he first made in 
1894. He believes that the interesting observations of Rosa 
form suggestive evidence in favor of this view. Kosa placed 
mosquitoes upon individuals whose I)lood contained crescentic, 
ovoid and round bodies, and observed flagellation of these 
forms in blood taken later from the stomach of the mosquito. 
This interesting tliough insufficient evidence has led Manson 
to assume that the mosquito is a normal intermediate host in 
the life history of the malarial parasite. 

Thus, with all the work that has been done, we can not as 
yet assume that the true nature of the fiogellate bodies is en- 
tirely understood. The arguments (jf llarchiafava and Big- 
nami in favor of the degenerative nature of the flagella are 
certainly strong. It is true that regenerative processes are 
probably never seen in tliose forms of the parasite from 
which flagellate bodies develop, the large extra-celhilar Iwdies 
in tertian and quartan fever, and the crescentic forms in testi- 
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vo-antumnal fever, while degenerative changes are common. 
Moreover, it is true that the&e bodies show no evidence, on 
Btaining, of the structare which many believe to he the 
nucleus. 

Extremely suggestive that these changes are evidences of 
degeneration is the fact that the flagellate forma rarely, if 
ever, appear until after the specimen has been for gome little 
time upon the cover glass. In human beings this is usually 
from five or ten to fifteen minutes. 

In certain forms of parasites in the blood of birds it is 
extremely interesting to observe the formation of flagella. 
We have never seen these immediately after making a speci- 
men of blood, hut one may often observe the change to the 
flagellate state, within five minutes, of perhaps four or five 
parasites in one field. Such a picture certainly suggests that 
the change is due to deleterious external infiuenoes. 

On the other hand, the regularity of the shape of the 
flagolla, their extraordinai-y power of individual motion, the 
suddenness with which they break forth, apparently formed, 
from the fnll-grown body, make it really difficult to believe 
that they are not preformed elements, whatever the signifi- 
cance of the process may he. 

As yet no one has confirmed Sakharov'a assertions that 
they represent the chromatic filaments of the nucleus, while 
Hanson's idea can scarcely be regarded as more than an inter- 
esting hypotheaia. 
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GENERAL CONDITIONS CJfnER WHICH THE MALARIAL FEVERS 



Distribution. — The malarial fevera occur in aU parts of 
the world, but are more frequent in tropical and wanner tem- 
perate climatea. While extensive epidemicB and pamlemics 
of malaria have been described, there are certain main fovera 
of the disease where it has been endemic from all time. 
These regions, where the most severe forms of malarial fever 
are seen, are for tlie most part in the tropics, the disease be- 
coming less frequent as the temperate and cooler climates are 
approached. The exact geographical limits within which the 
malarial fevers exist are very hard to determine, all the more 
Bo in that the diagnoses on which the statistics are based are 
often unreliable. According to Celli,* cases have been ob- 
served at Irkutsk, in Siberia ; Haparanda, on the Gulf of Both- 
nia (eS'S" north latitude); Jnhansliaab, in southern Green- 
land; New Archangel, in Alaska {57'3° north latitude). To 
the sonth the disease baa been reported aa far as the isotherm 

The chief endemic seats of malaria lie along the banks 
and about the deltas of great rivers. In this continent the 
malarial fevers are frequent in the low regions along the coast 
south of New York, while of late the milder forma have not 
infrequently been observed in southern New England. In 
the Gulf States, and particularly along the Missiasippi and ita 
tributaries in the south and southwest, the most severe forms 
of the disease are met with. In certain regions about the 

• VtirhBndl. d. X. Intemat. med. Cong., Bd. y, Ablh. xv, 68. 
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Great Lakes in this country and in Canada, ae well as in eoine 
of the Middle Staten, the mihler foruiB are not uncommon. 
On the Pacific coast malarial fevers oucur, tliough they are 
less frequent. 

In Mexico, Cuba, and Central Ajncrica, as well as in the 
tropical parts of South America, the most severe forms of tlie 
disease are seen. This is particularly true of Guiana and 
Brazil, while the fatal Chagres fever of Panama is well 
known. 

In Europe the disease is common in the lowlands ahout the 
coasts of Italy, Sicily, Greece, and on the horders of the Black 
and Caspian Seas, It is particularly common ui the lowlands 
bordering on many of the great rivers; aljout the Tiber, 
Danube, Volga, and Po. In Spain, in certain regions about 
the coast, in several districts in France, Sologne, Lea Landes, 
Le Forez, in Holland and Belgium, the milder forms of the 
disease are to be seen. Ahont the niouth of the EUie and 
on the Baltic const ()f Prussia, in Silesia, on the plains of the 
river Mark, ami in Pomerania, occasional mild forms of ma- 
laria occur. In Austria cases occur along tlie Danube and 
on the coast of Dalmatia. 

In tropical Africa the malarial fevers are everywhere met 
with in their worst forms. In Inilia, Ceylon, southern China, 
snd tlie East Indies the disease is frequent. In Japan, on 
the other hand, Tnalaria is rare, and in some of the South Sea 
islauds, despite the climate and telluric conditions, the disease 
is infrequent. This is true of Australia and New Caledonia, 
while in the Sandwich Islands, Samoa, Xew Zealand, and Van 
Diemen's T,and the disease is unknown. 

Effect of Climate, Seasons, Time of Day.— From this gen- 
eral summary of the distribution of the malarial fevers it may 
be readily seen that warmth is important for the development 
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of the disease. Thus in temperate climates malaria appears 
only during certain seasons of the year. In the tropics the 
disease is endemic throughout the year, but passing north- 
ward there is a diminution in the cases occurring during the 
winter months, until in temperate climates, as in Baltimore, 
they are almost entirely absent during the months of January 
and February, becoming gradually more frequent from this 
time on, until the maximal number of cases is seen during the 
months of August, September, and October. In the four 
years from January 1, 1890, to January 1, 1894, four hundred 
and ninety cases of malarial fever were observed at the Johns 
Hopkins Hospital. These cases were distributed through the 
seasons as follows : 

January, 9 ; February, 8 ; March, 8 ; April, 17 ; May, 21 ; 
June, 18 ; July, 38 ; August, 60 ; September, 122 ; October, 
120 ; November, 38 ; December, 25. Total, 490. 

In like manner, the seasons have an influence on the type 
of the fevers which occur. In the more severe malarious dis- 
tricts all types of the parasites and of the fevers are to be 
seen throughout the season, but as we approach the temperate 
climates it is to be noted that the few infections occurring 
early in the malarial season are of the milder types— tertian 
and quartan. Moreover, the earlier the season of the year, 
the less is the likelihood to infection with multiple groups of 
parasites ; single tertian and quartan infections are the rule. 
As the season advances double tertian and double and triple 
quartan infections become more common, and finally toward 
the height of a malarial season infections with the sestivo- 
autumnal parasite begin to appear. In Baltimore, sestivo. 
autumnal fever forms the majority of the cases occurring dur- 
ing September and October. 

A few tables from a recent publication by Hewetson and 
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the autlior will illustrate this point. Out of five hundred and 
forty-two cases of malarial fever observed at the Johns Hop- 
kins Hospital, there were in the first half year : 

Tertiftti infection, i ^j^^'f "^ 

t Double, 40 

— 113 
(Single 1 

Quartan inftyition. ■< Double 

(Triple 

— 1 

.ilsiiTo-autumnsl inftclion , 5 

Combined infecliona 3 

— 8 
Total 131 

"WTiilo in the second half jear there were : 

TartUn infection. J f!"^!" 87 

( Double 188 

._ 226 

(Single 1 

QuortAQ infeeiioQ, ■] Double 

( Triple 3 

_ 4 

.ffistiTO-autumnal infuction 163 

Combined infections 8 

— 191 
Total 421 

These tables show in an interesting manner how the sever- 
ity of the tj-pe of infection increases as tlie summer and fall 
approach. Thus in the first half year there are more single 
than double tertian infections, while in the second half year, 
wlien malarial fever assumes ii more severe type, there are 
nearly twice as many cases of double tertian as of single tertian 
infection. The increase in severity of the malarial fevers be- 
comes more evident when we olserve the course of the lestivo- 
autamnal cases. While in the first half year only five cases 
were noted — a little less than one twenty-fourth of the total 
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nnmber of caaes observed — in the second half year we see one 
hundred and oightj-three caeea, or nearly half of all the cases 
which occurred. 

ThuB it may be seen that with the earliest cases of mala- 
rial fever in the year the mildest types of infection are met 
with, the single tertian type predominating. As the season 
advances and the months approach which are richest in mala- 
ria the single tertian cases become less frequent and the double 
tertian infections more common ; while at the height of the 
malarial season a majority of the cases are of the festivo- 
antnmnal, the most severe tyi>e in this climate. 

It seema to be a well-established fact that the danger of 
malarial infection is greater by night than by day. 

TAe Infiuence of Moiature. — ^A very important part in the 
development of malaria is apparently played by moisture. 
Almost all the regions where the malarial fevers are regularly 
endemic are low and marshy or situated about the banks of 
rivers or lakes. Mixed salt and fresh marshes appear to be 
particularly dangerous. Rainy seasons are, as a rule, more 
dangerous than others. Likewise regions where the atmos- 
pheric moisture is high are generally more malarious than arid 
districts. 

Scil. — A damp, marshy region, with an impervious sub- 
floil, ia generally recognized aa particularly dangerous. A re- 
gion rich in organic matter, such, for instance, as is furnished 
by highly cultivated areas which have been allowed to fall 
into ruin and are covered with a rank, tropical vegetation, are 
especially to he feared. On the other hand, fevers may be 
observed in almost any district and upon sandy or even rocky 
Btrata, Marshy regions and districts where the surface of the 
ground is covered for a part of the time only with water are 
often rich in malaria. 
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Small islands are, as a rule, healthy. Malarial fevers 
never arise at sea. Those cases reported owe their infection, 
doubtless, to exposure l>efore leaving land. 

Altitude. — The more severely malarious digtricts are all 
in lowlands, while the higher regions are naually relatively 
exempt from the disease. In many malarious districts sana- 
toria have heen established upon hills and mountains in the 
neighborhood. The exemption of these regions is not, how- 
ever, an absolute rule. Parkes states that the malarial fevers 
have l>eon observed in the Himalayas at an elevation of 6,400 
feet, while Hertz * aaserts that they have licen found in the 
Tuscan Apennines at 1,100 feet, in the Pyrenees at 5,000, in 
Ceylon at 6,500, and in Peru at a height of from 10,000 to 
11,000 feet. In connection with some of these statements one 
should, however, remember the looseness witli which the diag- 
nosis of malaria is often made. It is still common to see 
the so-calle<l " mountain fevers " referred to as malarial. These 
fevers are nndouhtedly, in great part at least, typhoid. 

In a malarious district it has been shown that the dangers 
of infection are gi-eater to one sleeping upon a lower floor of 
the Iiouse than to one hving in an Hp[»er story. 

In regions severely malarious, new-comers, inhabitant* of 
temperate and non-affcL'ted regions, are particularly suscepti- 
ble to the disease. Prolonged residence in malarious districts 
does not, however, give the white race the relative insuscep- 
tibility which the colored races generally possess. Frank, out- 
spoken attacks are said to be somewhat less frequent in old 
residents, but when they do occur they are usually more severe 
EUid tntractitble. 

Some observere believe that a sudden ehange of ('limate 

• ZiomBflen's Cyt'lopwdift. 
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from a malarious to possiblj' a non- malarious district predis- 
poses to a fresh outbreak of the disease. In certain instances 
outbreaks of the disease may occur in distrieta quite free from 
malarial fevers in individuals who have never previously suf- 
fered from the disease. Tliis has led to the supposition that 
many individuals in malarious districts may actually be the 
subjects of completely latent infections. That the malarial 
parasite may exist for long periods of time in the organiEm 
without producing symptoms is abundantly proved by the 
relapses which occasionally occur after very long intervals in 
cases where a second infection lias been practically impossible. 

Bearing in mind the occurrence of these relapses after 
very long intervals, one must acknowledge that there is no 
reason, theoretically, why sometimes a relapse might not simu- 
late a primary attack. An individual might well be the sab- 
ject of an infection from which spontaneous recovery might 
occur before the parasites had reached a number sufficient to 
produce distinct subjective sjTnptoms. A relapse from such 
a case as this would of course be considered as the original 
attack. There are facts which might lead us to suspect 
that cases of this nature occur. Most of the instances of ma- 
larial fever developing in individuals who liave moved into 
healthy regions are, however, probably cases where the infec- 
tion occurred shortly before leaving the affected diHtrict^cases 
where the symptoms would have appeared under any circum- 
stances. 

It has also been asserted that in expeditions in tropical 
Africa, attacks of pernicious malarial fever are particularly 
frequent at the end of long journeys after reaching the coast, 
while during the expedition, despite the exposure and exertion, 
the liability to such outbreaks is less. The reason for this fact 
— if fact it be — is not clear. 
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Wtnih. — There seems to be some reason to believe that the 
contagion of malarial fever may be carried by the wind. 
Thus, it 18 noticed that of the two banks of a stream in a ma- 
larious district, that side toward which the prevailing winda 
blow ia often the more affected. It has been brought for- 
ward as a proof of this, that strips of forest land seem some- 
times to interrupt the spread of the disease, as if soma infec- 
tious substance were filtered out. Lancisi * believed that it was 
through the sacred groves, the removal of which was followed 
by a marked increase in the severity of malaria in the lioman 
Caiiipagna, that this region had been protected. The winds 
blowing over the Pontine marshes and carrying the contagion 
of paludism were puritied, he fancied, as by a filter, by passing 
tlirough these trees. 

J^et-iH of interfering with the Soil in Malarious Dis- 
tricts ; Cultivation ; Drainage. — Most disastrous results liave 
followed the denudation of forest lands in tropical and marshy 
regions, while, in the main, forest regions, however moist and 
hot they may be, are relatively salubrious. In the same man- 
ner, excavations and turning up of the soil may cause out- 
breaks of malaria in regions where tlie diseare has not existed 
for years, or it may aggravate the manifestations in districts 
where it is permanently endemic. In Paris, in the years 1811 
and 1840 during digging the Canal St. Martin and during the 
conatniction of the fortifications, outbreaks of intermittent 
fever occurred where tlio disease had been for a long time 
practically unknown. The disastrous effects of the excava- 
tions for the ill-fated Panama Canal are fresh in the minds 
of all. 

On the other hand, cultivation and drainage may do much 
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toward pnrifying gravely malarious districts. Tlie drainage, 
for instance, of tlie Roman Campagna lias greatly improved 
its condition. The lowlands of Holland were at one time the 
Beat of the most fatal malaria ; to-day only the mildest forms 
of the disease occur. London used to he surroimded by a 
marshy district where paludism was not infrequent ; now it is 
unknown. 

Besides other measures to secure drainage, the planting of 
trees has often a good effect in rendering an infected region 
more salubrious. At one time the Eucaiyj>tu« gkHmhis was 
thought to possess 8j>ecial virtues from a prophylactic point of 
view, though its particular efficacy is doubtful. 

If, however, highly cultivated regions are allowed to fall 
into decay, the reappearance of malaria in its worst forms is 
not infrequent. An example of this was the condition into 
which the Roman Campagna fell after the Augustan era. 

While the malarial fevers are especially common in trop- 
ical regions, becoming less frequent as one approaches the 
temperate climates, and while they occur especially in low, 
marshy districts about the borders of large rivers or lakes, 
there are yet remarkable exceptions to this rule. As lias been 
Btated, certain south Pacific islands, regions which possess 
every climatic and telhiric characteristic of the most malarious 
districts, are absolutely free from the disease. This is no 
proof, however, that the disease, once introduced, might not 
become widespread and fatal. It is highly probalile that, 
were the infectious agent once brought to these regions, this 
would be the case. 

Drinking Water. — It has long been a widespread view that 
drinking water ia a common source of malarial infection. 
Many statistics would tend to support this theory. Unfortu- 
nately, however, many of the so-called malarial infections 
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■which become less frequent on purification of tbe drinking 
water are probably cases of typhoid fever, while, on the other 
Iiand, every ex}>eri mental attempt to produce malarial fever 
from drinking water has failed. 

CelK* aliowefl six individuals to driuk large quantities of 
water from the Pontine marshes through a considerable time, 
wholly without effect, while Marino f had similar resultfi from 
like experiments. 

Zeri,$ in Baccelli'a clinic, experimented in thirty cases with 
the administration of water from most malarious sources with- 
out a single positive result. The water waa taken by the pa- 
tients in large quantities by the mouth, by enema, and as an 
inhalation. 

Grassi and Feletti •* allowed liealtliy individuals to drink 
dew collected from malarious regions witliout ill effects. They 
also caused healthy men to drink fresh blood from malarial 
patients, and fetl birds of prey on infected birds, without ob- 
taining any satisfactory results. This is, of course, no proof 
that the parasite in some form or other may not live and even 
multiply in water ; it is, however, strong evidence that infec- 
tion does not ordinarily take place in this manner. 

It must he renierahered in connection with all inoculation 
experiments that the individuals upon whom tbe inoculationa 
are practiced, though in some instances tliey may be debili- 
tated, have always been in hospitals or under conditions where 
tbcy were receiving the best general care and nourishment. 
And one coolJ not absolutely refut« him who nught suggest 
that the infection would have developed had tlie patient been 

• Bull. (). Soc. LiiHc. il. Roma, 1886, vi. f. i, 39. 

t Rifnnnft raedica, ISDIi. No. 251, 1503. 

t Bull. d. K. nfC. raed. U. Rom,, 1880- 'QO. svi, 844. 

• Op. ciL 




92 LECTURES ON THE MALAKIAL FEVERS. 

under poorer surroundings, or, perhaps, had previoos leRiona 
of the gaatro-iiiteatinal tract existed. It is interestiug that 
nearly twelve per cent (11'9) of the eases of amoebic dysentery 
treated at the Johns Hopkins Hospital have suffered simul- 
taneously with malarial infection, 

Variatioiia in the Distribution of the Malarial Fevers. 
Cydes of Severity. — Tlie manner in which the malarial fevers 
pass from one region to another has long excited interest. 
Regions which have been malarious for a long period may be- 
come relatively healthy, while others, after years of almost 
complete immunity, may be visited by grave epidemics. 
Many of these changes in the localization of malaria are due 
to human activity, but others are as yet inexplicable. In 
like manner, regions where the dieease is permanently en- 
demic show remarkable cycles of years' dnration in which the 
disease is more or less eevere^cyeles which often are quite 
inexplicable. 

Jiace.— In general, the dark-skinned races who have in- 
habited southern countries for generations appear to possess a 
certain insusceptibility to the disease. Iti this country the 
negroes are certainly relatively less affected than the whites. 
Fi'om the cases analyzed by Ilewetson and the author, the 
relative susceptibility of the negro would seem to be by nearly 
two thirds less than that of the wJiite. 

Age. — The influence which age bears upon the suscepti- 
bility to malarial infections depends wholly upon the extent 
to which it affects the likelihood of the individual to exposure. 
The very old and the very young are leas affected, as they are 
more likely to remain in the house during the more danger- 
ous parts of the day and during malarial seasons. 

Sex. — In like manner, women are less frequently affected 
than men, because they are lc3s frequently exposed. 
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Ocmipatluii. — Tlie influence of occupation on tlie frequency 
of malaria depends also wholly on whether or not the individ- 
nal Ite compelled to expose hinieelf at dangerous eeasons of the 
year or at dangerous times of the day in malarioua districts. 
Soldiers and tramps who sleep upon the ground out of doors 
in malarial seasons are particularly liable to the disease. In 
this country, fishermen and oysternien who live about the bays 
and inlets on the southei'n coast are especially open to infec- 
tion. This is alsi true of the farm hands in the same regions. 

Manner of Infection. — Despite all recent studies npon 
the malarial parasite, we are in complete darkness as to the 
form in which it exists outside of the human body. In like 
manner our views as to the form in which it is introduced 
are wholly speculate ry. 

Infection has l)een supposed to take place through : 

(1) Tlie respiratory tract. i 

(2) The digestive tract. 

(3) The skin (insect bites, etc.). 

(1) Clinical observation would lead ub strongly to believe 
that the most frequent method of infection is through the 
respiratory tract. No positive proof, however, of this fact 
has ever been obtained. Most attempts at inoculation which 
have been carried on in birds which possess a parasite closely 
similar to that of man have proven unsuccessful. The au- 
thor has recently made an unsuccessful experiment in this 
line, whicli has liecn alwve referred to, namely, the inhala- 
tion of dried and powdered malarial blood. It is, however, in 
every way probable that the parasites were destroyed in the 
preparation of the powder. 

(2) All attempts to introduce malarial infection by the di- 
gestive tract have Ijeen wholly without result. 

(3) Inoculation experiments have given us positive proof 
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that iufection may take place by Biibciitanet>iis injection of 
living malarial parasites, while the interesting results of 
TheobalJ Hmith, who showed that the organism of Texas 
cattle fever (^Pyrosojiui £i^eviinum) is conveyed from ani- 
mal to animal by means of the cattle tick, are suggestive 
evidence of the possibility of some such method of transmis- 
Bion in the case of the similar parasite in man. 

This question has recently been brought prominently for- 
ward in Manson's Gulstonian lectures. On the bams of the 
observation of flagellate bodies in the stomach of a mos- 
quito which had been placed on an individual whose blood 
showed ovoid and crescentic forms, Hanson suggests that the 
malarial parasite may pursue a regular extra -corporeal exist- 
ence, the mosquito, as in the ease of the Filaria sanguinig 
hominis, forming the intermediate host. The individual 
flagella are, according to him, forms intended to hve outside 
of the human body. As an h^-potliesis, Manson's idea is 
interesting, though it must be acknowledged that it is seri- 
ously lacking in foundation. 

Bignami,* in an excellent review of Manson's article, goes 
over the subject of the manner of infection in malaria in an 
highly interesting manner. He points out the fact that 
almost all the conditions which are known to be conducive 
to malarial infection are at the same time favorable to the 
presence of certain suctorial insects, more particularly nios- 
qnitoea— the absence of wind, the night, etc. lie asserts that 
many of the precautions that experience has taught the 
natives in malarious districts to adopt — namely, to avoid 
going out at night, to avoid sleeping in the open air, to close 
the windows— are just such as would protect them from in- 

• LsiicL't, 1806, ii, 13(W, 1441. 
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sect bites. Eniin Paelia never failed to take a mosquito net 
with him on liie African joiirneys, and attributed the fact 
that he was spared a malarial attack to tins precaution. 

And yet such experiments as have been made have not 
been Buccesefal. Thus, on two occasions Bignami and Dionisi 
placed moequitoes collected in rnalarial districts upon healthy 
individuals without positive results. Bignami believes that 
the most important point to study is not, as Manson has 
sought to do, to attempt to follow the parasite from tlie 
human body into the external world— for we do not know 
tliat tliie ever occurs — but to search for the port uf entry, 
which must certainly e."ciBt. 

On the whole, it most he said that we are absolutely ig- 
norant of the form in which the malarial parasite esiats 
outside of the human body, and- et^ually ignorant of the 
manner in which it enters. 

Cmif/enital Mal^ariu. — It lias been a diepnted point for 
years as to whether malaria can or can not be transmitted 
from the mother to the ftejua. The possibility of such an 
occurrence seems not wholly unreasonable, in view of what 
we know to exist in the ease of certain bacterial infections. 
Many observers assume this to be the case, but positive proof 
is as yet wanting. Among a number of doubtful cases in 
literature, the most positive appears to be that of Duchek, 
reported by Griesinger.* In this instance the cliild bom of 
a malarious mother died shortly after birth, presenting, on 
autopsy, an enlarged pigmented spleen, and showing, further, 
pigment in the portal vein. 

Since the discovery of the parasite, however, no one lias 
been able to bring positive evidence of the congenital pros- 
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ence of paraBitea in the blood of tlie newborn child, or of the 
development of true malarial fever in the infant where the 
possibility of post-partum infection was out of the question. 
On the other hand, a numlier of instances have been reported 
where, in abortions occurring during pernicious malarial ia- 
■fections, the fcetua was found quite free from parasites. 

Bignami reported two cases of abortion during pernicious 
paroxj-sniB, one at the third and the other at the sixth month. 
The mothers died, and while the organs of the parent in 
each instance presented the appearances usual in pernicious 
fever, in neither case did the foetus show organisms or any 
sign of a previous infection. 

Bastianelli also made an autopsy upon a woman deail of 
pernicious fever who had aborted at the sixth month. The 
mother's organs contained an abundance of parasites and pig- 
ment, while the child, u]>on careful examination, showed 
neither parasites, pigment, nor evidences of an antecurrent 
infection. 

Within a few days I have had occasion to observe an 
interesting case of eimilar nature. A colored woman with 
triple quartan fever {vi<ie Chart No. IX, page 128) gave birth 
during a paroxysm to an eight-months' child. The infection 
in the mother's case had lasted at least five months, Wlulo 
the blood of the parent showed three groups of the quartan 
parasite, the child's blood, upon repeated examination, was 
quite free from parasites or pigment. Examination of the 
placenta showed pigment and parasites upon the maternal 
side, while the foetal side was quite negative. 

While some of the cases reported are certainly somewhat 
suspicious, we mnst wait for more positive evidence before 
we can assume the possibility of the transmission of malaria 
from mother to child. 
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OLDnCAl. DESOKIPTION OF THE MALAKIAI. FEVEE9. 

Types of fever. — Period of iiicubation. — 1. The rcfrnlurlyintermlKent fevere: 
(o) Tertian fever ; (6) qUBrtnn fever. — 2. .fisliva-nutumiml fevers. 

Types of Fever. — The malarial fevere may be divided 
into two main claesee : 

1. Tlie regularly intermittent fevers : (a) Tertian fever ; 
(5) quartan fever. 

2. The more irregiilar fevere : jEetivo-autiimnal fevers. 
The regularly intermittent fevers are to be met with in all 

malarial districts, and form tlie majority of tlie cases occur- 
ring in temperate climates. The more irregular, so-called 
lestivo-antuninal fovera, on the other hand, are chiefly char- 
acteristic of intensely malarious distriets, jiarticnlarlj those 
regions in the tropics where the pernicious fevere are com- 
mon. Aa one passes toward the temperate climates sestivo- 
autiiranal fever becomes rarer and is met with only at 
the heiirht of the malarial season, until finally, in the more 
mildly malarioua districts, it is very rarely to he seen. 

In the warmer temperate countries the first oases of 
fever, those occurring during the spring and early summer 
months, are almost entirely of the regularly intermittent 
types, while in the later suirimer and early fall the more irreg- 
ular forms begin to appear ; hence the name " testivo-autumnal 
fevers," given to them by the Roman observers. The relation 
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of tlie diffcruiit types of fever to the times of the year is well 
ehown by the tables upon page 85. 

Peeiod of Inctjbatios. — By the period of incubation we 
must understand the time elapsing between the reception into 
the organism of the infectious material and tlie tiret subjec- 
tive Byiiiptoras, This represents, in other words, the time 
required for the malarial parasites to reach by niultipKcation 
that number necessary to produce the symptoms of the dis- 
ease. As we are as yet quite ignorant of the form in which 
the malarial parasite exists outside of the body as well as of 
the port of entry and the exact conditions under which infec- 
tion ow-^urs, it is but natural that our knowledge of the period 
of incubation of the malarial fevers should be indefiuite and 
UJicertain. 

In the acute contagious exanthemata, where we are equally 
ignorant as to the natare of the poison and the manner and 
port of infection, we are yet able in many instances to defi- 
nitely fix upon the moment of exposure. In the case of 
the malarial fevers, however, this is in the majority of in- 
stances unpossible. Careful clinical observations have, how- 
ever, given us data which are of considerable accuracy and 
value. 

It has been estimated by most observers that the period of 
incubation — i, e., the time passing between the supposed ex- 
pcwure and the first symptoms of the disease — lasts from six to 
twenty days. It has, however, been asserted that in some trop- 
ical regions where pernicious fevers are common the paroxysm 
may appear within a few houi-s of exposure. On the other 
hand, cases are reported where many weeks, and even months, 
have elapsed after exposure before the outbreak of the disease. 
Bloxail reports an instance where a man-of-war spent five 
days in the harbor of Port Loais. As a result, apparently, of 
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this exposure, two of the crew fell ill with quotidian inter- 
mittent fever at the end of respectively twelve and fourteen 
days. Two other canes of tertian fever, however, occurred 
forty-eight and one hundred and sixty-four days after em- 
barkation. 

Recent experimental inoculations have fumislied mterest- 
ing information with regard to some of these points. In 
these instances, where the hlood of the patient is inti'oduced 
hypotiermically or intravenously into healthy individuals, the 
period of incubation ranges from two to eighteen days. Bas- 
tiaiielli and Bignami have recently published an admirable 
note upon the period of incubation of the experimental mala- 
rial fevers. They conclude that 

" The period of incubation with one variety of parasites 
varies inversely to the quantity of material inoculated. . . . 

" The period of incubation represents the time necessary 
for the inoculated parasites to reach, by multiplication, the 
quantity necessary to determine the fever. , , . 

" The mean and mininuim periods of incubation under 
similar conditions vary in the different groups of fevers ; tliey 
are least in the testival fevers, longer in the tertian, and still 
longer in the quartan. . . . 

" T!ie period of incubation in experimental malarial infec- 
tion is not a constant quantity, but varies in the same group 
of fevers and in different groups of fever. In the same 
group of feveiTs it depends chiefly upon the quantity of the 
inoculated material. In different grotii)s of fevers it varies 
with the rapidity of the cycle of develojiment of the organism 
and with the special capacity for reproduction of the type of 
the parasite." 

These authors prepared a table on the basis of their own 
observations and tliose of others, showing the variations in 
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the period of incubation of the several types of malarial 
infection : 



Quartan fever 

l*ertian fever 

.^stivo-autumnal fever. 



maximum 

(days). 


Minimum 

(dajrs). 


15 

12 

5 


11 
6 
2 



Mean 
(days). 



18 

10 

8 



It is interesting to note how closely the period of incuba- 
tion in these experimental infections agrees with the time 
which clinical observation has shown to elapse between sup- 
posed infection and the outbreak of the disease. Particularly 
interesting is the demonstration that in sestivo-autumnal fever, 
from the inoculation of two cubic centimetres of blood, clin- 
ical symptoms may appear in as short a time as forty-eight 
hours.* 

It is but natural to assume that with a given variety of 
parasites the period of incubation should vary greatly, not 
only according to the quantity of the infectious material 
absorbed by the individual, but also according to the time of 
the year, the conditions under which the infection takes place, 
the physical condition of the patient himself, and the special 
virulence of the parasite. 

Are we justified, then, in assuming that in certain instances 
the period may be as short as several hours, and in others as 
long as one hundred and eighty-four days ? Neither of these 
extreme estimates can be said to be proven. In the present 
state of our knowledge we can not deny the possibility of the 

* Celli and Santori (Centralblatt f. Bakt.. xxi, 1897, 49). in an exporimont 
to determine the incubation period of malarial fever in individuals previ- 
ously treated with the serum of animals immune af]fainst the disease, ob- 
served the development of fever with parasites in the blor>d thirty hours 
after the sul)cntaneous inoculation of 1*5 centimetres of blood from a case 
of asstivo-autumnal fever. 
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appearance of BjraptomB within twenty-four Lours after infec- 
tion. We know parasites whose entire cycle of existence lasts 
only twenty-four hours, or even less. It is not unreasonable 
to suppose an infection with so many and so virulent parasites 
that the very first period of spomlation might be accompanied 
by well-marked subjective symptoms. Indeed, one is almost 
tempted to assume tins as a probability. The assertion, how- 
ever, that the disease may appear witliin a few hours after the 
first exposure needs confirmation. 

It is possible that the febrile attacks which occur some- 
times immediately after exposure at night in damp, marshy, 
lualarious districts may have some other cause than actual 
malarial infection. Thus, Plehn describes cases where, after 
exposure at night in very severely malarious districts in West 
Africa, there was an immediate paroxysm in every way similar 
to those of malaria, which, however, did not recur until the 
appearance, ten days later, of a true malarial fever, which 
doubtless dated its origin to the night of exposure. At the 
time of the first paroxysm the blood was negative ; the para- 
sites — (pstivo-auturanal — appeared ten days later with the usual 
symptoms of the disease. 

How are we to explain those cases where an excessively 
long period elapses between exposure and the manifestationa 
of the disease ! It is certainly improbable that this long time 
represents a tnie period of incubation. One can scarcely 
imagine that the parasites should exist in the circulation, pass- 
ing through their regular cycle of existence for periods of 
months, without ever reachin}^ a sufBcient nnmber to produce 
any clinical symptoms. It is probable that we mnst fall hsck 
upon another explanation, which, to he sure, is purely hypo- 
thetical. Wo must probably assume that in these cases spon- 
tftneouB recovery from the infection occurs before the para- 
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Bites have reached a sufficient qiiiuitity to give rise to aymp- 
toms. The germs, however, of tlie mfeetion remaiii within 
the organism in some form which ie ae jet unknown to us, 
possibly, as Bignami suggests, aa encapsulated spores within 
the bodies of phagocytes. In such an individual insults of 
various sorts — over -exertion, exposure, debihty dependent 
upon any exhausting process — may be the exciting cause of 
an awakening of these elumhering germs, which, undergoing 
rapid mul tip Heat ion, give rise to an outbreak o£ typical mala- 
ria! fever at a period long after possible exposure. 
In conclusion, then, we may assume that : 

(1) The incubation period of malarial fever is very varied, 
depending (a) upon the type of the potential parasite absorbed 
at the moment of infection, upon its capacity for rapid multi- 
plication, and upon the quantity of infections material ab- 
sorbed ; (6) upon the conditions under which infection takes 
place, climate, season of the year, and hygienic surroundings ; 
(a) upon the physical condition and surroundings (and race f) 
of the infected individual. 

(2) Clinical observation and experimental inoculations 
would tend to show that the perioil of incubation of the mala- 
rial fevers may vary from twenty-four hours, or even a httle 
less, to several weeks. The period is shortest in sestivo- 
autumnal infection, longer in tertian, and longest in quartan 
fever. 

(3) How short the period of incubation may be has not 
been ascertained. By analogy it is reasonable to suppose that 
in some instances it may be as short as twenty-four hours, or 
a little less. 

(4) In cases where very long periods of time, months or 
years, expire between exposure and the first manifestations of 
the disease, wo must probably assume that spontaneous recor- 
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ery hfts occurred with the eorvival of the parasite in some 
more rcBistant form as yet unknown to ub — a process similar 
probably to that which occurs in cases of relapse after long 
periods of time. 



1. THE BEOULABLT IHTEEMITTKNT rETEES.— (rt) TERTIAN 
FKVEB, 

Single Tertian Infections. —lnT^Wi fever is by far the 
commonest variety of malarial infection in the temperate cli- 
mates. It is the form of the disease most frequently met 
with on the eastern coast of the Cnited States. In single 
tertian infections we have to do with the presence in the 
blood of one group of the tertian parasite, an organism which 
passes through its cycle of existence in about forty-eight hours. 

As has been pointed out in the description of the parasite, 
tertain infections are characterized by the aggregation of the 
organisniB into groups, all the mombers of v/liieli are at the 
same stage of development, and pass through their cycle of 
eidstenoe in unison. Thus, the periods at which successive 
generations of parasites reach maturity and undergo sporula- 
tioa occur every other day at intervals approximately forty- 
eight hours apart. As will be remembered from what lias 
been said in the description of the parafiite, the sporulation 
of such a group of organisms is always followed by a par- 
oxysm of fever, provided only that the number of parasites 
has reached by multiphoation a quantity sufficient to produce 
clinical symptoms. 

Thus, if the blood contain but one group of tertian para- 
eiteB the clinical manifestations will be tertian intermittent 
febrile paroxysms. 

Clinical SympUmn, — Prodromaifi, — For several daya 
before the occurrence of an actual paroxysm the patient may 
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eomplain of indefinite ^rmptoms of headadiey badrachR, 
anorexia pains in the limbs — Ermptoms such as are common 

in aoT acute infection. Usnallf it mar be noted that these 

• • • 

Ei'mptonis occur on alternate davs, and often in the morning; 
on the daj between the patient mar feel qnite welL In ex- 
aiTiining the charts of patients in whom malarial fever has 
developed in an hospital ward, we mav almost always tnce 
slight febrile elevations occurring before the finFt actual par- 
oxvsm — elevations which had pasBed quite unnoticed. 

On the other hand, the first paro^nrsm mav come without 
warning upon an individual in apparently perfect health. 

T%e Paroxyfsm. — ^The paroxysm may be divided into 
three characteristic stages : 

(1> The chilL 

(2; The fever. 

(3) The defervescence or sweating stage. 

Tfub ChilL — Especially characteristic of the malarial 
paroxysm is its very sudden onset. Often the slight pro- 
dromata which have been mentionei may be quite absent, 
and the first symptom which the patient notices of his illness 
may Ije the onset of a sharp paroxysm. The actual chill is, 
however, usually preceded by some indefinite symptoms of 
malause, headache, and slight feelings of general lassitude; 
often repeated yawning and stretching may be oliserved. 
Sometimes there is a little giddiness, and there may be at the 
very beginning, nausea and vomiting. Frequently at this 
period a slight rise in the body tempemture has already 
set in. 

These symptoms are usually followed rapidly by chilly 
sensations, Ijeginning sometimes in the hands and feet, and 
running up and down the back. These chilly sensations, at 
first interrupted by slight flashes of heat, rapidly increase until 
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tlie patient falls into a general rigor. The cliill may be most 
BGvere ; tlie patient begs for coverings and hot applications. 
Tiie actual ehaking may be bo violent that it is noticeable in 
other rooms of the houBe. 

The face is drawn and pinched ; the extremities are cold 
and shnmken. The skin is usnally cool and cyanutic, some- 
times pale ; it is uften moist, while the hair follicles are erect, 
giving rise to the characteristic " goose-flesli." The pnpils 
are usually dilated ; the pulse is small and rapid, sometimes 
irregular, and often of rather high tension. The respiration 
is short and rapid ; the voice is broken ; nausea and vomiting 
are frequent ; there may be diarrhcea. The patient usually 
Buffers extremely from headache ; tJiere may be vertigo or 
tinnitus aurium, and sometimes troubles of vision ; aching 
pains in the loins are common. 

The duration of the chill may vary considerably, being 
at times as long as an hour, though usually it is shorter, from 
ten minutes to half an hour. Sometimes no actual shaking 
may occur, the patient complaining only of more or less severe 
chilly sensations, while at times, though rarely in this type of 
fever, the chill may be entirely absent. 

Out of 333 cases occurring at the Johns Hopkins Ilospi- 
tal, chills or chilly sensations were present in 97'5 per cent. 
During the chill, despite the intense feeling of cold com- 
plained of by the patient and the somewhat cool feeling of 
the moist and cyanotic skin, the l.iody temperature rapidly 
rises. The maximum point is usually readied within two 
hours after the onset of the paroxysm, and indeed Bometimes 
in a much shorter tiine. The climax may occur at the very 
beginning of the second stage. 

The Fever. — The intensity of the chill slowly diminishes. 
The chilly sensations become interrupted by occasional flushes 
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of heat, which, becoming more frequent, finally wholly replace 
the rigor. Then begins the second or febrile sttige of the 
paroxysm. The patient now complains of intense heat. The 
skin is flushed, hot, and dry; the conjunetivse injected; the 
pulse becomes fuller, but remains rapid and is not infrequent- 
ly dicrotic. The headache, vertigo, and tiuuituB aurium often 
become more intense, the patient complaining bitterly also of 
general aching paina in the back and extremities. The bed- 
clothes are thrown aside, while tlio patient suffers intense 
thirst ; he is often very restless, tossing from one side of the 
bed to the other; there may be active delirium. On the 
other hand, the patient may he dull and drowsy, presenting 
an appearance not dissimilar to that in typhoid fever, wliile 
the only complaint may be of intense headache and general 
aching pains. Sometimes there may be marked sonmolence, 
and in one instance deep coma lias been reported. A slight 
cough is not infrequent, and vomitiTig and diarrhcea are 
common. Bleeding from the nose has occurred ui a few of 
our instances. 

On physical examination during this period the patient is 
usually flushed, the conjunctivre are suffused and injected, 
the tongue dry and coated. There is often a slight sallow, 
dusky-yellowish color to the skin, a tint which is almost 
characteristic of malaria, and becomes after a while familiar 
to the skilled observer. If tlie fever has lasted for any length 
of time there is almost always a distiuct aueemia, recognizable 
by the pallor of the lips and mueons membranes. This may 
be a point of considerable importance in diagnosis. 

The heart sounds are usually clear, though there may be 
a soft systolic murmur. On examination of the lungs a 
few sonorous and sibilant rdles may be heard. The al»doraen 
presents no abnormalities on inspection. On percusaion, 
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liowever, a well-marked enlargement of the spleen ia demon- 
strable, while the splenic border is to be felt in the great 
majority of inetaaces. Tliia haa been possible in about 
seventy-five per cent of onr cases. In fresh acute infections 
the border may be soft and round ; where, however, numer- 
oua infections Iiave occurred, the edge is usually bard and 
sharp. After repeated attacks the spleen may attain a very 
considerable size, extendijig as far as or even below the 
umbilicuB. There is often, especially in acute cases, a well- 
marked tenderness on palpation over the region of the 
spleen. 

Massuriany* noted the presence of a soft nmrmur over 
the splenic area which Bouchard has compared to the uterine 
bruit. 

Sometimes well-marked cutaneous manifestations may ap- 
pear during the jtaroxysm ; these may begin in the fitago of 
the chill, but are usually more marked during the febrile 
period. Various forms of rash have Iteen observed. The 
commonest, however, is nrticaria, which we have observed in 
a number of instances. In several of the author's cases this 
urticarial eruption has had a most interesting morbifiform 
character. The eruption usually disappears with the parox- 
ysm. It should, however, l)e renieinlicrod that some of these 
cutaneous manifestatioTis attributed to the malarial infection 
may not impossibly be due to the treatment by quinine. 

Herpes upon the lips and nose is very common in malarial 
fever, and in certain of the more irregular forms is of value 
from a point of view of differential diagnosis. 

The temperature during this period reaches its maximum 
point It may be as high as 108° F. The duration of iba 
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febrile period ia usuallj' four or five hours, thougli not in- 
frequently it may be considerably longer. 

The Sweating Stage.^AiXer tlie stage of fever has existed 
for some hourfr — ^four or five, perhaps, on the average — the se- 
verity of the symptoms begins to abate ; the mouth be- 
comes less dry, the skin begins to become moist, and pro- 
fuse sweating follows. This is associated with a relief from 
the distressing sensation of heat from which the patient has 
been suflering. The sweating is usually excessive ; the bed- 
clothes are often drenched. The temperature rapidly falls. 
With the fall of temperature the pulse likewise becomes 
slow and full, and the patient often sinks into a refreshing 
sleep. Within a relatively short time, rarely more than four 
hours, often as short aa two, the temperature reaches the nor- 
mal point. It does not, however, remain here, but becomes 
usually subnormal, and often remains so during the greater 
part of the intennission between the febrile paroxysms. The 
length of the entire paroxysm, from the time the temperaturo 
passes 99° F. until it again reaches this point, averaged in 
our cases about eleven hours. The paroxysms are more fre- 
quent during the day than during the night, and the hour 
of onset occurs usually perhaps during the morning hours, 
thflbgh paroxysms in the afternoon and at night are not 
uncommon. 

The clinical manifestations in children may be very differ- 
ent from those observed in adults. Frequently both the chill 
and the sweating stage may he quite absent or only abor- 
tive ; under these circumstances the first stJige is generally 
represented by a slight restlessness ; the face looks pinched, 
the eyes sunken, the finger tips and toes become cyanotic 
and cold, wliile the child yawns and stretches itself. Nausea 
and vomiting and diarrhoea arc very common. These may 
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be the only manifestations of the first stage. Oftfin, how- 
ever, these ejinptoms are followed by grave nervous phe- 
nomena. The cliill in malaria, as in other acute diseases, is not 
infrequently represented in a ytjung child by general eonvul- 
Bions. These may begin with a slight spaemodic twitching 
of the eyelids or extremities, the spasm soon becoming general. 
The febrile stage and the whole paroxysm are often shorter 
in the child than iti the adult, while the sweating stage may he 
wholly absent. In many instances, besides a slight coldness of 
the hands and blueness of the finger tips, and a somewhat 
pinched expression of the face during the first stage, the first 
and third stages of the paroxysm may bo entirely lacking. 

The InierTnission. — Following the sweating stage, the pa- 
tient passes through an afebrile jieriod lasting usually fully 
thirty-seven hours. Often, during the greater jwirt of this 
time, the temperature is subnormal ; it is almost invariably so 
during the hours following the paroxysm. After the imme- 
diate exhausting effects of the paroxysm have passed away, 
the patient very commonly feels perfectly well, so niudi so 
that he may leave his bed and go about his business. Indeed, 
many patients feel so well between paroxysms that they allow 
several to pass before seeking treatment, believing, after each 
paroxysm, that the fever is at an end. 

Almost exactly forty-eight hours, however, after tlie onset 
of the first paroxysm a second similar attack follows, the 
febrile i>eriods and intermissions continuing thus with great 
regularity. ( Vu/e Charts No. I and XVII, pp. 110 and 171.) 

While, as has lieen said, the cycle of existence of the ter- 
tian parasite is about forty-eight hours in duration, and the 
paroxysms are approximately forty-eight hours apart, it must 
not be forgotten that variations of several hours in the cycle 
of existence of the parasite are not uncommon. Thus, Dot 
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infreqnentlj, & group of tertian parasites may pass through 
their cycle in forty-five or perliaps forty-three hours instead 
of in forty-eight. This results in the anticipatioti of the 
paroxyeins. In other instances, particularly during sponta- 
neous recovery or after the taking of small doses of quinine, 
there may he a marked retardation. 

TA^ Uood shows the presence of one group of tertian 
parasites. The cycle of existence of this organism may be 
usually well followed out in the peripheral circulation. Dur- 
ing and after the paroxysm small actively amteboid, hyaline 
bodies may be made out within certain of the red corpus- 
cles. Shortly after this, very rainute brownish-yellow gran- 
ules of pigment may be found to Lave appeared within the 
araceboid organisms. The activity of the parasite and the 
dancing of the pigment is, as will be remembered, much 
greater than in the case of the quartan parasite, while the sur- 
rounding corpuscle soon begins to show evidence of expansion 
and decolor! zation. 

On the day between paroxysms the organisms are usually 
not quite half the size of an ordinary red corpuscle, and ex- 
tremely amiBboid and irregular in shape; the pigment is 
brown, very fine and actively dancing; the surrounding cor- 
puscle is expanded and decolorized. On the day of the 
paroxysm, five or six hours before the onset, parasites may be 
observed which are nearly the size of a nonnal red corpuscle. 
The pigment is somewhat coarser and darker than it was in 
tlie beginning, and is usually stiinewliat less active. The atnte- 
boid movements of the parasite are almost lost. TJie sur- 
rounding corpuscle is scarcely visible. 

Shortly after this the pigment collects at one point in tlie 
centre or nearer the periphery, in a single clump or block, and 
evidences of incipient segmentation are to be made out. The 
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parasite, as will be remembered, breaks into more segmentB 
than tlie quartan organism, giving rise usually to from fifteen 
to twenty. At the same time with segmentation there ai'e 
often to be observed large, swollen, apparently extra -cellular 
forme with actively dancing pigment granules, numerous frag- 
menting bodies, vacuolated and flagellate forms, AM these 
forms arise apparently from full-grown parasites, which have 
not segmented. Toward the end of the paroxysm fresh liya- 
line bodies begin to make their appearance. 

The discovery of segmenting organisms is much less fre- 
quent in tertian than in quartan infections for the reason, as 
has been stated above, that much of the segmentation goes 
on probably in the internal organs. Thus, just before or dur- 
ing the early part of a paroxysm in tertian fever, if the in- 
fection be a mild one, we may at times have to search very 
carefully before finding any organisms. It is very rare that 
one is able to follow in the peripheral blood the entire life 
history of a group of tertian parueites whicli is not large 
enongh to produce well-marked clinical symptoms. We have 
never been able to do this. 

As pointed out by Golgi, evidences of phagocytosis in tlie 
form of pigmented leucocytes may be made out in the regu- 
larly intermittent fevers at definite cyclical intervals. Thus, 
during and immediately following a paroxysm the appearance 
of a considerable number of phagocytes may be observed. 
These are both polymorphonuclear and mononuclear elements ; 
the pigment may be in scattered granules, or in blocks similar 
to those seen in the segmenting forms. Often pliagocytosis 
may be observed in the fresh specimen. It is interesting to 
note that while a very considerable number of lai^e mononu- 
clear pigment-containing cells are to be seen, actual phagucy- 
tosis is never to be observed upon the sUde, excepting by poly- 
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morplionnclear neiitropliilie leucocytes. Sometimes pigmented 
leucocytes and phagocytes are to Ije observed between parox- 
ysms. At this period only e.xtra-cellular bodies which have 
escaped from the red corpuscle are attacked. During the 
paroxysnj we may see the engulfing not only of free pig- 
ment, but also of fragmented extra-cellular organisms, of 
flagellate bodies, and sometimes also of complete sporulating 
forms. 

Beyond the presence of parasites the blood shows asD- 
ally little that is remarkable. If the infection has lasted for 
any great length of time, the evidences of an acute anemia 
become apparent— pallor of the corpuscles, marked difference 
in size of the individual elements, nucleated red corpuscles, 
and perhaps a little poikilocytosis. 

The most striking feature is the fact that tlie number of 
leucocytes is almost always subiwrwal, while the large mono- 
nuclear forms are relatively increased at the expense of the 
polymorphonuclear varieties. 

The whole subject will be discussetl later in the remarks 
upon jwst-nialarial ana?mia. 

DouMe Tartian Inffiiions — Quotidian Interrnittent Fiyi^fr. 
— In tliis climate we more commonly meet wnth infections 
with two groHjw of the parasite — a double tertian infection. 
These grou])s reach maturity on alternate days, and give rise, 
therefore, to daily paroxysms — ijwMidian inUnnitt^nt fever. 
Tlie paroxysms differ in no way from those observed in 
unglc tertian infections, unless they be a trifle shorter, lasting 
on an average from ten to eleven hours, aiwociatod witii 
regular stages of chill, fever, and sweating. The regularity 
in the recurrence of these paroxysms is not quite so great as 
in quartan infections. 

The chills on alternate days often come at hours surpria- 
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ingly similar {vUIe Charts Nos. II and III, pp. 114 and 116) ; 
the cause for tliis is liard to understand. Sometimes, however, 
the two gronpB o£ parasites have distinctly different hours of 
segmentation, the chill on one day coming in the morning, 
on the other, perhaps, in the afternoon {vid^ Chart No. IV, 
page 117). In such a case the simple observation of several 
paroxysms might lead us immediately to suspect the true 
nature of the fever — i. e., a double tertian infection. In 
other instances, where the hours of onset are nearly the 
same, it may l>e quite impossible from the fever curve alone 
to differentiate a double tertian from a triple quartan infec- 
tion. 

Often the diagnosis may be made in an interesting way, 
accidentally or purposely, by the administration of a single 
dose of quinine just before or during a paroxysm. It is at 
this stage in the life history of the parasite that quinine is 
moat efficacious, and such treattnent may destroy the single 
group of parasites which is at that moment segmenting with- 
out materially affecting the other group present, changing 
thus the chart from a quotidian to a tertian intermittent fever 
(vide Chart No. V, page 118). 

Jrifeoiion^ with Multiple Grouj>n of Parasitifs^Invg^a- 
lar or Contimted Feeer. — Very rarely with tertian infection 
we may see irregular or continued fever, due probably to the 
infection with multiple groups of parasites or to the lack of 
arrangement of the parasites in well-marked large groups. 
This condition is rare in adults; it is probably more often 
seen in children, where the malarial infections pursne a much 
less regular course. In a few instances we have observed 
irregular continued fever where the blood showed only an oc- 
casional tertian parasite. In two instances the parasites were 
not found on several examiaationa of the blood, and it was 
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only after the fall of the temperature and the appearance of 
regular paroxysms that the organisniB were found. These 
two marked inBtanees suggest that at times the greater part 
of the cycle of development of the paraeitea may take place in 
the internal organs, while the irregularity in the manifesta- 
tiouB su^ests tlie presence of multiple gronps (vide Chart 
No. VI, pp. 120 and 121). 

(J) QUAJtTAN FETEB. 

Single Quartan lufection. — Quartan fever, as has heen 
said in the preceding chapter, depends npon infection witli 
the quartan parasite (Golgi), an organism whose cycle of exist- 
ence lasts about seventy-two hours. This parasite also pos- 
Besses the remarkable characteristic of appearing in the blood 
in large gronps, all the members of which are at approxi- 
mately the same stage of development. The myriads of 
organisms forming such a group reach maturity and undergo 
eporulation all together within a period of a few hours. 
Thus, if the blood of tlie infected individual contain one 
group of quartan parasites which has acquired any consider- 
able size, we may readily see that every fourth day a sporula- 
tion of this group takes place, and, as might be expected, the 
clinical manifestations are quartan, intermittent paroxysms. 

Quartan fever is not common in the United States ; indeed, 
it appears to be everywhere much less generally disseminated 
than tertian fever. In Italy there are special fmjere where 
quartan fever is particularly frequent ; such, for instance, are 
certain parts of Sicily and the neighborhood of Pavia in Italy, 
In this country we meet only with occaHional cases. In Balti- 
more, out of one thousand six hundred and eighteen cases of 
malaria observed in the past seven years, there have been but 
fifteen instances of quartan fever. 
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Tlie interesting fact tliat in the same climate and witli the 
Banie general telluric conditiouB certain regions are the eeat 
of one tyi>e of fever, while other regions wliich niaj bo in tlie 
near neighborhood show other forms, was pointed out very 
clearly some years ago by Trousseau. This keen obsen'er,* 
wlien speaking of the different t\-pes of malarial fever, states : 
"The types seem to dejrend upon the nature of the miasm, 
and especially upon tlie locality which it infects, rather tiian 
upon conditions relative to the individual who is affected. 
Tours and Saumnr, both situated on the left l)ank of the Loire, 
appear to me to present tlie same climacteric and telluric con- 
ditions ; yet one observes at Tours only tertian fevere, while 
several cases of quartan fever which I have met with there 
were in individuals coming either from Saumur or Rochefort, 
or from other regions where they had contracted it. One of 
the examples which has most impressed me in connection with 
tlie subject is the following: Fourteen soldiers imprisoned at 
Saunmr came to Tours to testify before a court-martial ; they 
had been scarcely ten days in the last town when nine of them 
were compelled to enter the hospital, affected with quartan 
fever, the germ of wliich they had evidently contracted at 
Saumur, since all the fevers we observed with the inhabitants 
of Tours and the neighborhood were of the tertian type." 

Tlje paroxysms are quite similar to those of tertian fever. 
Their duration averages about the same length of time, while 
the defervescence is also followed by a period of subnormal 
temperature which may last until the onset of the suceeding 
attacks (vide Chart No. VII, page 12.3). 

Often for a considerable length of time the paroxysms may 
recur almost precisely at the same hour every fourth day, the 

• Cliiiique medicale, 2d edition, 1865, voL iii, p. 425. 
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r^nlaritj in onset being very reioarkable. Not infrequently, 
however, sncceeding parosysms occur at s periixl several 
hours in advance of or behind the hour of the appearance of 
the earlier attacks. Thus, one speaks of anticipating or re- 
tarding paroxysms. The anticipation or retardation in some 
instances of quartan fever may be well marked. This is, 
however, not very eonmion, the paroxyems appearing, as a 
rule, at periods nearly seventy-two hours apart. 

The Mood shows the presence of a single group of the 
quartan parasites, and the diagnosis may therefore readily be 
made. This organism may be traced by examination on 
different tlays through all stages of its development. Shortly 
after the paroxysm the small hyaline amceboid intra-cellular 
bodies are to be found within the red corpuscles; in the 
eonrse of a few hours a few dark, slightly motile pigment 
granules be^n to appear. On the second day the parasites 
have grown soniewliat larger ,and have become much less 
amoeboid ; the pigment is coarser and darker and tends to lie 
about the periphery of the organism, whUe the surrounding 
corpuscle is already usually somewhat smaller than it is nor- 
mally, and often of a somewhat deeper color. 

Upon the third day the parasites are a httle larger, round 
or ovoid in sliape, almost entirely non-amteboid. Tlie pig- 
ment is lazy and slow in its movements ; is coarser and dtirker, 
often arranged more particularly at the periphery of the para- 
edte. The red corpuscle is represented by a small rim of 
deep yellowish- green protoplasm, often markedly darker and 
more brassy-colored thjm that of the surrounding corpuscles. 

On the day of the paroxysm, sometimes as much as eight 
or ten hours before its onset, some of these large round or 
ovoid bodies, which now are a little smaller than a normal red 
corpuscle, may be seen apparently free in the blood current ; 
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on very careful examiuntion, huwevcr, thcj are ustially seen 
to have a fllight rim of now, perhaps, wholly decolorized 
protoplajim. At the 8ame time, or a little later, the collec- 
tion of pigment toward the centre in the characteristic etar- 
ehaped manner described in the section npoii the parasite 
may be observed, while soon bodies with central pigment 
clomps or blocks and beginning radial striation may be made 
ont. 

Quartan fever affords an excellent opportunity for study- 
ing eeginenting bodies. These bodies are found throughout 
the six or eight hours preceding the paroxysm, and are often 
associated at this time Kitii large swollen forms with dancing 
pigment, vacuolating and fragmenting bodies, and flagellate 
forma. The sporulating bodies, as has been noted, contain 
usually from six to twelve segments. During the paroxysm 
fresh hyaline bodies begin to appear in the red corpuscles. 

Phagocytosis is to lie observed here just as in tertian 
fever, especially during and just following the paroxysms, 
while the same elements are attacked, 

Douhl-e Quartiin Iiifeellon. — Not infrequently the blood 
contains two groups of quartan pnrasites, whicli reach matu- 
rity on successive days. Tliis naturally results in a tempera- 
ture cnrve showing paroxysms on two successive days, fol- 
lowed by a day of complete intermission — double quartan 
Jever {«uie Cha.rt No. VIII, page 12(5). Sometimes the parox- 
ysms may occur in this manner when the case comes under 
observation ; M;ain, however, single quartan fever may, under 
observation, change into a double quartan. This is probably 
due to the fact that at the beginning of the infection two 
groups of parasites are present, one being considerably larger 
than the other, and reaching a size sufficient to produce 
paroxysms at a period earlier than in the case of the other 
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gronp, Tte pnroxjsinB in these iDstances are in every way 
similar to those in single quartan infections. 

The W'^H-y shows tlie presence of two groups of the quar- 
tan parasite. 

Ti'ij)i^ Quartan Infection— Qimtiilki/i /iiiermilt^nt Fever. 
— Again, we may have to do with cascH showing infet'tion 
with three sets of the quartan parasites, reaching maturity on 
anccessivo days. Clinically, quotidian intermittent paroxysmB 
are observed. These paroxysms may occur at almost exactly 
the same hour on successive days, though not infrequently 
there is a slight difference in the hours of onset. On study 
of such a eliart we may eometimes make out that the time 
of onset of any given attack corresponds clonely with the 
hour of onset of the paroxysm occurring upon tlie fourth day 
before or after. Thus, on Monday and Thui-sduy the par- 
oxysm may Ijcgin at nine ; on Tuesday and Friday at eleven ; 
on "Wednesday and Saturday at eight. These differences, 
liowever, are usually very slight, and, owing to the possible 
anticipation or retardation of any one group, the definite 
diagnosis of a triple quartan infection would in most cases lie 
difficult to make without an examination of the blood. Tlie 
paroxysms are in every way similar to those occurring in 
single or double quartan infectious, aTid each paroxysm is 
separated from the following one by a well-marked period of 
subnormal temperature {vide Chart No. IX, page 128). 

The h/i>t/tl shows the presence of three groups of the 
quartan parasite. It is not at all infrequent to see cases of 
double and triple quartan infection where only one set of 
actual paroxysms occur, so that at first, from the obcerration 
of the clinical chart, we might suspect only a single quartan 
infection. In these instances, however, under further obser- 
vation of the case, we very often may see the dcreiopment 
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on the intermeJiate days of abortive find finally well-markod 
paroxysui8, owing to the multiplication of the other groups 
of parasites, which previously have beeu too small to produce 
well-marked clinical syraptoms. 

Again, in a doul)le or a triple quartan fever it is not very 
infrefjuent to note the liiBappearaiice of the paroxysms due to 
one or two groups of the organism, owing possibly to treat- 
ment or to a spontaneous partial disappearance of one or 
more groups of parasites. The microscope will reveal the 
presence of a double or triple quartan infection. 

The life history of a group of quartan parasites may be 
traced for weeks in the blood without its ever reaching a size 
sufficient to bring about more than a very slight abortive rise 
in temperature. This is due to the fact of the evenness of 
the distribution of the quartan parasite throughout the gen- 
eral circulation — a fact rendering a diagnosis of quartan fever 
easier than that of any of the other varieties of malarial in- 
fection. 

"We may see sometimes a triple quartan iufection with 
single quartan paroxysms, where after treatment one set of 
organisms diminishes in virulence and another increases. 
This may result in the disappearance of the paroxysms due to 
the originally stronger group, and the appearance of manifee- 
tiitions due tu one of the other groups of parasites which has 
previously been incapable of producing marked signs. 

Very rarely we may see instances in which there are in- 
fections witli nmltiple groups of the quartan parasite, result- 
ing in an irregular temperature chart. Those cases are, how- 
ever, extremely unusual. We have never observed such an 
instance. 
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2. THE fiSTtVO-ArTUMNAL FEVERS. 

In temperate climates, where during the first half of the 
j-Bor the tertian and quartan fevers alono are observed, there 
begin to appear during the latter part of July, in August, and 
eepeciall; during the months of September and Octol>er, 
other infections whi^L present certain characteristics sharply 
difierent from the regularly intermittent fevers which have 
juflt been described. These fevers are espetdally notable for 
the marked irregularity in their clinical manifestations. They 
depend upon the presence in the blood of the tlnrd \'ariety of 
parasite which has been described above, the 60-caIle<l testivo- 
antuniual organism {/Iwmatosoon J^af<-ij)ai-um, Welch). 

This organism, as will be rememl)ered, has not yet been 
as satisfactorily studieJ as the other two forms. Its life 
history and general hiologieal characteristics are not as well 
understood. However, from the investigations which have 
been made, it appears that while at times the parasites may 
be present in groups undergoing spomlation with consider- 
able regularity at pei-iods varying from twenty-fonr to forty- 
eight hours, there are many inst-mces in which the tendency 
toward arrangement in definite large groups is apparently 
lost. Here, probably, the segmentation of smaller groups of 
parasites occurs at frequent intervals, and, on examination of 
the splenic and peripheral blood, organisms in all stages of 
development are found at the same time. At tlio .beginning 
of an infection the arrangement of the parasites in definite 
groups is frequently present, but after several cycles of exist- 
ence this arrangement is often lost. When we consider the 
relation of the segmentation of masses of parasites to the 
clinical manifestations of malaria, it is easy to see why these 
fevers present such irregularities in their symptoms. 
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Clinically, sestivo-autnmnal fever may be observed in 
many forms : 

(a) Quotidian iRUrniittent Fever. — In some instances an 
BBStivo-atitumnal infection may be associated with well-marked 

quotidian intermittent paroxysmH. These may, indeed, pre- 
sent few differences from the regular paroxysms of tertian or 
quartan intermittent fever, showing the same suddenness of 
onset, the same duration, tlie same rapid defervescence, the 
whole being separable into the classical stages of the chill, the 
fever, and the sweating. 

Generally, however, marked difEerences may be noted. In 
the first place the paroxysm in lestivo -autumnal fever is usu- 
ally materially longer than in tertian or quartan infections ; it 
averages nearly twenty hours, instead of from ten to twelve 
hours in the regularly intermittent fevers. 

Again, while the onset in tertian and quartan fever is ex- 
tremely sharp, the chill coming on very shortly after the ini- 
tial rise, in testivo -autumnal fever the rise is often more or 
less gradual, the paroxysm beginning with headache and gen- 
eral pains, while the actual chill, if at all observed, may not 
occur until some time after the temperature has become al- 
ready elevated {vitl-e Chart No. X, page 131). "While chills or 
chilly sensations were present in 9T'2 per cent of our cases of 
tertian and quartan fever, they were noted in only 71'i per 
cent of the cases of lestivo-auturanal fever. The fall in tem- 
perature is also much more gradual. 

The regularity in the reeurreiice of the paroxysms is also 
much less than in tertian and quartan infections. Anticipa- 
tion and retardation are common, and when we consider the 
short period which must of necessity separate quotidian par- 
oxj-sms lasting twenty hours, it is easy to see how a relatively 
slight anticipation or an unusual lengthening of a paroxysm 
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might cause a eiibcontinuouB fever, t!ie temperature never 
actually reaching normal. Such an event is not at all uncom- 
mon, the originally intermittent temperature becoming after 
a few paroxysms eubcontinuous (rirfa Chart No. XI, page 133), 

(i) Fecer with Longer Interval* — ^'^siivat Tertian 
Fecer." — Not at all infrequently in iBHtivo-uutumnal fever the 
paroxysms oconr at intervals of approximately forty-eight 
houra, a little less or a tittle more. Indeed, paroxysms may 
occur at intervals of all the way from twenty-four to forty- 
eight hours ; yet it must be acknowledged that while retarda- 
tion of quotidian paroxysms is not infrequent, and very 
marked anticipation of paroxj-gms occurring approximately at 
intervals of forty-eight hours may occur, still, tlie observation 
of the clinical charts alone would rather incline one in favor 
of the views advanced by Marchiafava and Bignami, who as- 
sert that there are two distinct types of lestivo- autumnal fe- 
ver, the quotidian and the tertian, due, as they believe, to two 
definite subdivisions of the parasite. We have not been able 
to confirm their obcervationa as to the parasites, and though 
we can not aa yet accept the views of the Italian observers, 
still we must acknowledge the relative infrequency of inter- 
mediate stages between fevers with intervals of twentv-fonr 
and those of forty-eight houra. Such stages are, however, to 
be found {viiie Chart No. XII, page 135). 

The longer the interval between the intermittent parox- 
ysms in (eativo -autumnal fever, the longer usually is the 
paroxysm itself; thus, in (eetivo-autumual intermittent fever, 
where the intervale between the time of onset of succeeding 
attacks ia aa much aa forty-eight hours, the paroxysma them- 
selves may be very long, lasting in some instances thirty-six 
hours, or even more. These prolonged paroxysms differ very 
markedly from those of the regularly intermittent fevers. 
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Tlieir onBet, though sometimes quite rapid, is often very grad- 
ual; the chill is not infrequently wanting, and, when present, 
comcB on Bometinies relatively late in the course. During the 
period of fever there are often very marked oscillations in the 
curve, the temperature falling soraetinies nearly to normal, 
only to rise again to a point higher, possibly, than it had pre- 
viously reached. 

Marehiafava and Bignarai have described a typical curve 
for their sestivo-autumnal tertian fever, consisting of the chill, 
the febrile period, a psendo-criais, a pre-eritical elevation in 
■which the temjierature reaches often its highest point, and, 
finally, the crisis. Curves of this nature may often be ob- 
served, but are by no means the absolute rule (I'lV-e Chart No. 
XIII, page 137). 

It would seem that these paroxysms with longer intermis- 
sions show a much greater tendency toward anticipation 
and retardation than those with quotidian intervals. It is 
rare to observe more than two or three such paroxysms 
without a subsequent confusion and loss of regularity in 
the manifestations. This may occur in several different 
ways. 

1. Anticipation. This is very common, and often is so 
marked that one paroxysm almost merges into another, pro- 
ducing thus a nearly eontinuoua fever, with only occasional 
very brief intermissions or remisfiions- — malarial remittent 
fever. Very frequently tliis anticipation may he actually so 
great that there results a continuous fever without any actual 
inte rmisai on s — con tinued nuda rial/eoer. 

2. The same result may be obtained without marked an- 
ticipation or retardation if the individual paroxysms become 
greatly prohnged. 

3. During a long paroxysm there may be oscillations in 
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temperature so marked as to mar the re^larity of the fever 
curve aiid to render the cliart quito ineomprehenmble. 

4. The paroxysms may be markedly /■etii?'<i&/, bo that the 
intervals between their onset are considerably more than 
forty-eight hours. This is likely to occnr only daring a 
spontaneous recovery or a dimiantion in the malignancy of 
an infection. It may, however, be seen even in pemi<?ious 
cases. 

The clinical picture, then, in lestivo -autumnal fever may 
differ materially from that in the more regularly intermittent 
varieties. The frequent absence of regularity in the fever 
curve and the modification or absence of the three classical 
stages of the paroxysm remove two of the most characteristic 
symptoms of malarial infections. The patient when first 
observed is often in a distinctly typhoidal condition ; he is 
dull and drowsy ; the face is flushed ; the conjanctivse in- 
jected ; the tongue dry and brown ; the pulse often soft and 
dicrotic. 

On examination of the thorax little is to be fonnd, ex- 
cepting, perhaps, evidences of a slight general bronchitis 
— sonorous and sibilant r^lea. The heirt soimds are usu- 
ally clear, though a soft, systolic souffle may be heard. 
Tlie abdomen is negative, though there may be tenderness 
in the region of the spleen. In the great majority of in- 
stances the spleen, is palpable : soft and round in fresh 
infections, hard and with a sharp mar^n in old, continued 
attacks. 

The general picture is so similar to that of typhoid fever 
that confusion is sometimes inevitable without examination of 
the blood. In malarial fever, however, there is often a well- 
marked aniemia ; this is the rule if the case has lasted for any 
length of time ; generally, too, there is a distinct sallow, yel- 
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lowish-gray liue to the Bkin and coDJunctivse. Herpes npon 
the lips and nose are very comnion. 

Subjectively, the piitient complains bitterly of headache, 
intense aeliing paina in the hack and extremities, often of gid- 
diueea, roaring in the ears, and vertigo. Delirium is common 
at the height of the attack ; it may be of the mild, muttering 
variety, or, in some pernicious cases, violent and maniacal. 
Drowsiness increasing to actual coma may be observed. INau- 
eea and vomiting are extremely common during the parox- 
ysm, the patient sometimes lieing unable to retain any food. 
Diarrhoea, especially in children, is very frequent. The same 
cutaneous manifestations may be observed here as in the 
regularly intermittent fevers. Nosebleed is occaaionaily ob- 
served. 

Certain of these cases may pursue a course quite similar 
to that of typhoid fever tlirougii some days, or even weeks. 
To these eases Baccetli has given the name of Suhcnntinua 
typhoidea {vide Charts XV and XVI, pp. 142 and 144). 

Some cases of this nature have probably been included 
under the fallacious term " typho-malarial fever." This 
term is wholly incorrect and unscientific. Typhoid fever 
and malarial fever are two different processes. Certain 
of their manifestations are, however, somewhat similar, 
and may lead to confusion in diagnosis if proper steps 
be not taken. Instances of coexistence of the two infec- 
tions in one individual are rare and should be readily rec- 
ognizeil, 

Tlio regularly intermittent fevers, when left to themselves, 
pursue usually a favorable course, undergoing spontaneoua 
recovery. This, to bo sure, is often followed by relapses, 
which take in turn the same course. It is rare, however, for 
a regularly intermittent fever to prove of itself fatal ; tliia 
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is, unfortunately, not true of sestivo-autumnal fever. Here, 
while in many instances untreated infections may undergo 
spontaneous recovery, with or without relapse, yet there is 
often a steady increase in the severity of the symptoms until 
the so-called pernicious manifestations appear. 



OLnnoAi, DESCRIPTION OF THE HALABtAL FEVERS. — (Continued.) 



" Peknioiot!9 " IB an adjective which has, throngh long 
usage, beeotue definitely attached to the very malignant fornia 
of malarial fever. The term pemieions has come into such 
general use that it should, I think, be retained, despite the 
attempt on the part of the English translators of Marchia- 
fava and Bignami'a work to introduce the more fitting ap- 
pellation " malignant." 

The pemieions forms of malarial fever are very rarely 
seen in temperate climates. They are common, on the other 
hand, in tropical countries and in tlie moat severely malarious 
regions. They depend almost invariably ujion infection with 
the sestivo-autumnal parasite, though we can not, I tliink, 
assert that tliia is the absolute rule. French,* of "Washing- 
ton, has recently reported s ease of comatose malaria due to 
infection with ordinary tertian parasites, while the writer has 
on various occasions seen very grave cerebral symptoms in 
association with severe tertian infections. In the vast ma- 
jority of instances, however, the pernicious fevers are due to 
the Uiematozoon falciparum. 
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In a general way pernicious ejinptoma may be said to be 
due: 

1. To the abundance of tbe p^.isite9 present and to tlieir 
capacity for rapid multiplication. Thus Golgi long ago 
pointed out, as a regular rule, that tlie severity of the symp- 
toms iu malarial fever was to a certain extent in direct 
relation to the number of paraeitee present, and clinical ex- 
perience has tended largely to support this i-iew. 

2. To the special involvement of certain vital organs. Aa 
has been noted in the description of the parasites, tlie sestivo- 
autumnal organism often undergoes the greater part of its 
development witliin certiun special organs, and this localiza- 
tion of the parasite may differ matei-ially in difiercTit cases. 
Thus, while in many cases the parasite may be found with 
equal frequency in all internal organs, in others certain 
special parts may be involved. In some instances the spleen, 
in others paria of the central nervous system, in others the 
gastro- intestinal tract, may be the main Be:it of the infection. 
In these cases, as one might naturally expect, the clinical 
B^THptoms often point directly to the seat of localization. 

3. To the special malignancy of the parasite. Baceelli, in 
particular, has assorted that different groups of the malarial 
parasite may vary greatly in their malignancy ; tliua, in some 
instances a relatively smill group of parasites may produce 
extremely grave, even pernicious, symptoms — symptoms such 
as under ordinary circumstances would be produced only 
by infection with enormous numbers of organisms. While 
from analog)- as well as from clinical observation there is 
every reason to believe that a difference in the malignity of 
different cultures of the malarial parasite may exist, it is, 
however, probable that true pernicious symptoms are never 
Been without the presence of really a very considerable nnm- 
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ber of organieius in the system as a wliolo. There may be, it 
is true, very few in the peripheral eireuUtion, hut it mcy 
probably be safely said that pernicious symptoms never occur . 
without the actual presence of a very large number of ma- 
larial parasites. 

One can scarcely do better than to quote directly from 
the admirable article of Baatianelli and Bignami. 

" The conditions through wliich a malarial infection be- 
comes pernicious are : 

" 1. That the infection be produced by one of the varietiea 
of the festive -autumnal paraeite. On this condition all to-day 
are agreed, and we shall not insist further.* 

" 2. The second condition relates to the abundance of the 
parasites, and it may be stated as follows : In pernicious 
fevers, if one take into consideration not only the examina- 
tion of the hlood from the tiugcr, but also the condition in 
the vessels of the various organs (Marchiafavii, Celli, and 
Bignami), it is a striking point that however tlie distribution 
of the pamsites may varj- in individual eases, their total num- 
ber is always considerable. As regards the distribution, one 
may make the following distinctions. There exist : 

" 1. Cases in which the nuniler of parasites is most 
abundant — yes, enormous — while all the organs are uniformly 
invaded. These arc the commonest forms of peniicioua 
fever, and are usually accompanied by coma. 

'■ There are some cases in this category in which the num- 
ber of parasites in the blood of the finger, of the spleen, of 
the bone marrow, etc., is enormoua, while the nnmber in the 
brain is scanty. Clinically, the absence of cerebral phenom- 
ena is noted. 
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^ 2. Cases in which the number of organisms is absolutely 
and relatively scanty in the bone marrow, in the spleen, in 
the liver, while they may be relatively few in the blood of 
the finger, and yet other organs are crowded with the para- 
sites. Among these the following localizations are to be 
marie ont : 

^^ (a) The brain and the meninges are filled with parasites 
either in spomlation or in all their stages of development ; in 
such cases it is diiBcalt to find not only spomlating forms, but 
even young parasites in the spleen* Clinically, there are cere- 
bral phenomena. 

" (i) The stomach and intestines are chiefly invaded. In 
these organs the mature forms of the parasite are usually 
found ; these are the cases of pernicious fever which present 
clinically . . . intestinal phenomena." 

Tlie pernicious paroxysm, then, may vary greatly in its 
clinical character, its manner of onset, and the time in the 
course of the infection at which it appears. In rare instances, 
usually only in very malarious districts, the first paroxysm 
which is noted may show pernicious symptoms. This is, 
however, very unusual. It is most uncommon for the perni- 
cious maiiifeHtations to appear without abundant warning in 
the shape of previous symptoms. Grenerally the patient has 
had a numl)er of previous paroxysms, or perhaps a continued 
fever for some days, in the midst of which the symptoms sud- 
denly assume a malignant nature. 

77ie (Jornntvse Type, — The commonest form of pernicious 
malarial fever is tlie comiitose paroxysm. Such a paroxysm 
often begins witli a period of excitement, possibly delirium ; 
tlierc is frequently nausea or vomiting. These symptoms are 
raj)i(l]y followed by drowsiness, somnolence, and finally by 
coma. The j)atient under these circumstances is usually en- 
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tirely unconscione. There may be restleasness and jactata- 
tion, but in otLer instances the patient may lie quite motion- 
less. The respiration may be quiet, or loud and stertorous ; 
it may aeeame the Cbeyne-Stokes character. The pulse 
may bo at first full and slow, but toward the end it becomes 
rapid and feeble. The skin is often extremely hot and dry ; 
the pupils may be dilated or contracted, and in some instances 
irregular. The conjuiictivie are usually injected ; the tongue 
iB dry and coated. There ia commonly a slight jaundice of 
the skin and conjunctivBB — a very important symptom. There 
are often evidences of a moderate aneemia. At times there 
are local spasras, which may, in some instances, point to a 
special localization in tlie central nervous system of changes 
due to the collection in these parts of a more abundant num- 
ber of the parasites. 

The examination of the lungs is usually negative, though 
sonorous rdlos may be present ; with failure of the heart fine 
rfilea appear at the bases. The cardiac sounds are usually 
clear, though a soft systolic murmur may be present over the 
body of the heart. 

The alidomeii is, as a rule, negative, excepting for the pal- 
pable spleen. In a small proportion of the cases the spleen 
can not be felt. In such instances it may often be difficalt 
to distinguish the case from sunstroke, and, as has Iwen shown 
by Bastianelli and Bignami, such a confusion probably often 
occurs in the malarious districts of Italy. 

In fatal cases the coma continues, the pulse is rapid, 
feeble, and irregular, becoming quite impalpable before the 
death of the patient. In more favorable instances the tem- 
perature, after remaining elevated for a certain length of 
time, begins to fall more or less rapidly, sometimes in associa- 
tion with sweating, while the patient gradually returns to con- 
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(iciousnesB, Tlie local spaems which may have been present 
iienally clear up eatirely with the (iiHappearanee of the cere- 
bral symptoms. Such an attack may last for honrs. 

Often there may be a temporary improvement in the 
aj-mptoms, a fall in the temperature, associated with sweating 
and partial clearing of the seusoriura, and improvement in the 
pulse, only to be followed in tbo course of a few hours by a 
freeh attack, which may result fatally. 

Other Cerebral Manifestatiims. — Other cerebral manifes- 
tatioHB are common in the pernicious fevers, sometimes pre- 
ceding a comatose attack, sometimes unaesociated with it. 
Thus the most violent maniacal ddiriv^n may occur, while 
active haUv-cinatums and delusions are relatively common. 
In some instances tetanic canvulswns have been observed, 
while hemiplegia has been reported. All these symptoms 
may clear up with the paroxysm. 

A number of cases Iiave been reported in whicli symptoms 
pointing to the involvement of the medulla oblongata have 
been observed ; these cases may show symptoms of bulbar 
paralysis. In one such case the direct proof of the localiza- 
tion of the parasites in this region was furnished on post-mor- 
tem examination by Marcbiafava.* 

A special localization of the parasites in the cerebral cor- 
tex is not to be made out in every fatal case of comatose 
malaria. In many instancCB the organisms are to be found 
almost equally distributed throughout the general circulation, 
and we must not be too hasty in concluding that the coma in 
these pernicious cases ia always definitely due to the cerebral 
localization of the parasites. It is readily conceivable that 
many of the cerebral symptoms might be due to a circulating 

" Lav. del iii cong. dello soc. Itul. ili med. int., Eoma, 1890, IW, 
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toxic Biibstance, the presence of which we can not hut acl;nowl- 
edge as liiglilj" probable. 

The Algid Tyjie.—hx regions where the pemieions fevers 
are very common a train of eymptoms not unlike those 
seen in the algifl stage of Asiatic cholera may he ol>BGrved. 
Here the patient, when he conies un<ler obfiervation, ie often 
founil to he in a condition of profound collapse. The eyes 
are sunken, the features drawn, the skin cold and bine and 
often bathed in a profuse sweat. The tongue is dry and 
tremulous and protruded with difficulty. Great prostration 
is a marked symptom, the patient being almost unable to raise 
hb hand. The pulse may not be palpable at the wrist, while 
on auacultdtion the heart sounds are very rapid and feeble, 
the second sound being, perhaps, entirely absent. The tem- 
perature is often little, if at all, elevated. The mind is usu- 
ally clear almost to the end, though the voice is often ex- 
tremely weak and husky. 

During the early stages of an algid paroxysm, owing to the 
quiet, listless condition of the patient, the severity of tlie case 
may fail to be appreciated. Thus, in one of our cases, a man 
walked into the out-patient department at eleven o'clock in 
the morning, and took his seat among the others waiting to be 
seen by the physician. Dr. Sniitli, noticing tliat he was some- 
what blue and looked very ill, examined him and discovered 
that the pulse was impalpable at the wrist. The blood con- 
tained numerous lestivo-autumnal parasites. He was sent to 
the wani, and, despite hypodermic injections of quinine and 
all stimulation, he died an hour and a half from the timo of 
admission. 

Laveran*well remarks that in some sur-h instincea the 
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attention may be drawn to the case only by tlie discovery, per- 
haps accidental, that the patient is practically pulseless. 

Choleriform Malaria. — The oceaBional raanifestation of 
grave choleriform eymptoma in malarial fevor has long been 
recognized. Indeed, the sanitary commissioner for Bombay, in 
his report for 1884, makes the surprising statement : " In my 
opinion, cholera will in time be recognized as an intensified 
form of the malarial fevers common to the country." More 
recently the true nature of these choleriform paroxysms has 
been cleared up by the researches of Marchiafa\-a,* who has 
shown tliem, as above mentioned, to depend upon the actual 
localization of the parasites in the gaetro- intestinal mucosa. 

Usually diarrhtea has aecompanie;! the several parox- 
ysms preceding the actual pernicious manifestations. Clin- 
ically these eases may show a picture closely resembling that 
of Asiatic cholera : sudden profuse watery diarrhcea, associ- 
ated with intense prostration, the patient sinking into an algid 
condition similar to that described above. The attack often 
proves rapidly fatal, though in other instances a gradual re- 
mission in the symptoms occurs, which under proper ti-eat- 
ment may be followed by complete recovery. Without treat- 
ment, however, choleriform malaria proves early and rapidly 
fatal. 

Tlie Himmtrrhagic Type. — A type of malaria has been de- 
scribed which is associated witli profuse hEpmojitysis, epistaxis, 
and often extensive cutaneous bfemorrhageB ; there may be 
hEemateniesis or melsena. Marchiafava and Laveran have re- 
ported each cases. It has never fallen to the writer to ob- 
serve any cases of this nature, though in a number of 
instances a moderate epistaxis has been uoted during a ma- 

•Pruo. XI Intemat, Med. Cong., IHW; Ceatr. i. Bllg. Path. u. path. 
Aoat^ 1804, T, 4ia. 
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larial paroxjgm, and in several inetanees a slight petechial 
eruption. 

The Sufii^riferous Type. — Some observere have described 
paroxysms in which the last stage, that of sweating, is so t 
centimted tliat the patient falls into a conditioii of profound 
prostration, from which he recovers only under the most 
active stimulation. These cases are also unasnal. 

Tha Bilums Type {'* Sub&»ttinua biUoaa"). — I have re- 
peatedly emphasized the fret^uency in malaria of a slightly 
yellowish hue of the skin and conjunctiva. This jaundice is 
not one of pure obstruction but rather of overproduction of 
bile, with backing up in the ducte and iijabs'jrption. It is 
asflociiitod with dark-colored stools and an inci'cascd quantity 
of urobiJm in the nrine. 

There is a claes of pernicious fevers where the polycholia 
and jaundice are among the more conspicuous of the manifes- 
tations. Here, in association usually with high fever, there 
is repeated vomiting of bile-stained fluid, while the dejecta 
contain an excess of bilo. The nrine is of a deej) red color, 
and may be of a brownish or greenish hue, showing traces of 
the biliary coloring matters, aa well as albumen. There may 
be obstinate epiataxis or bteniorrhages from other mucous 
membranes, while a grave aniemia rapidly develops. The 
temperature remains elevated. There is profound prostra- 
tion. The patient is dull and apathetic, the fatre sunken and 
expression leAfl, the respirations feeble, the pulse almost im- 
palpable. Delirium or coma may follow, and in the absence 
of energetic treatment death usually resnlte. 

Under quinine recovery may occur, the temperature fall- 
ing usually by lysis and the symptoms gradually clearing 
up. There may be a more rapid fall in temperature with a 
critical sweat. The patient is, however^ left in a very 




weak, exhauBted, aneemie condition, from which recovery is 
dow. 

Oae^al^ and Cardialgic Type. — Very severe attacke of 
abdominal pain maj be associated with a pernicious parosysm. 
There is usnall; profuse vomiting and not infrequently 
hsemateinesis ; intestinal symptoms may be quite absent. 
Laveran distinguishes a distinct gastralgic or cardialgic type 
of the pernicious paroxysm, describing well one case of this 
nature in his Traiti des fievrea palustres (obe, xxxiii). 

The Pnewnonic Type. — Baccelli has described a type of 
paroxysm which suggests by its symptoms the existence of a 
pneumonia. This astute observer early recognized, however, 
that the condition was quite distinct from a true complicating 
pneumonia. There is usually a painful cough, great dyspncea, 
and severe pain in the chest, while there may be moderate 
dullness over the affected lung. On auscultation, coarse, so- 
norous and sibilant r&lea, together sometimes with fine, moist 
Bonnds, may be heard. The sputum is mixed with dark fluid 
and clotted blood. 

In other cases, however, despite the extreme dyspnoea, the 
physical examination may be negative. 

The exact pathological basis for these paroxysms is not 
entirely settled, owing to the insufficient number of autepsy 
records. It is quite certain, however, that we are not dealing 
with a true pneumonia. It is more probably an active con- 
gestion of the pulmonary vessels, a condition not impossibly 
due to a special localization of the parasites in the capillaries 
of the lungs. 

The IfcBmogl^Hnn'uric Tyjie — Malarial Ua'moglf^in uria. — 
This condition is known by a number of other terms. The more 
important are, perhaps, malarial htematuria, ictem-htematurie 
fever, bilious hsematiiric fever {Fiivre billeuse hematuriqiie). 
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The dfiaoeiation of htemoglobinuria witli malaria has long 
been recognized. The condition is often referred to as ma- 
larial hiematiirln, which may indeed exist, thongh in many 
instancee actual blood-corpuBcles are iiot to he found in the 
sediment of the urine, or, if they be found, are present in very 
small numbers ; the condition is then due to the presence of a 
blood-coloring matt«r — a true hfemoglohinuria. The coloring 
matter is always present in the form of methajnioglohin. 

Malarial hremoglobinuria is very uncommon in temperate 
climates, and even in the more malarious tropical regions its 
distribution is rather remarkahle. In some districts whero 
severe malaria prevails and pcniicious symptoms are not un- 
common, aa, for example, in Algeria, hsemoglohianria is rela- 
tively rare, while in others, ua in Sicily, in Greece, and upon 
the west coast of Africa, it is extremely common. In the 
United States it is uimsual excepting in certain regions in the 
South, where it has hcen well described by Joseph Jones,* 

Malarial ha-moglobinuria occura probably only in lestivo- 
autumnal infections. Most instances studied by competent 
obser\'era have shown the Ilwjiiaiozoon falcij)arum,. Unfor- 
tunately the observations in the regions where this form of 
paroxysm is commonest have Ijeen made for the moat part by 
individuals who were not entirely familiar with the various 
forms of the malarial organism. In a recent interesting article 
Plehn-)- dcBcriliea figures wliich sufn^est strongly the sestivo- 
autumnal parasite, though he himself seems inclined to be- 
lieve that it ia a special form of the organism. More recently 
A. Plelm X has recognized their identity. The process rarely, 



• Medical nnd SiirKJcal Memoirs, 
t Deiilsi'h. nii'J. Wofli,, ISnfi. Nos. 25. 20. 37. 

} BeitrilgB mr Kenntiiwj vim Verktif unil Bclmmilung tier tropisohen 
UaUriii in Kimirmi, Uerlin, Uirecbwuld, 16W. 
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if ever, occurs in infections with the tertian or quartan para- 
sites. 

HsemoglobinGBmia is a constant occmretice in palndism, 
owing to the extensive ilestmction of blood -corpuscles which 
takes place in every malarial infection. This destruction 
occurs in various ways : 

{!) The red hlood-corpuselea are slowly destroyed by the 
parasites, the hsenioglobiu being transformed into the pigment 
melanin. 

(2) A number of infected corpuscles, as we have seen, 
particularly in sestivo- autumnal infections, become early 
shrunken and braasy colored — a process which is generally 
behoved to represent an early necrosis. 

(3) We may frequently observe in a fresh specimen of the 
blood the rupture of a corpuscle which may be hut little 
altered, associated with the escape of the parasite which it 
contains and the solution of the hiemoglobin in the surround- 
ing soruin. This may occur in eurpueclea containing very 
young forms of the parasite. It is not at all impossible tliat 
such a process may take place frequently in tlie circulating 
blood. Moreover, it is probable that the corpuscle containing 
the full-grown parasite is by no means in every instance 
wholly free from hipnioglobin ; a certain quantity of this sub- 
stance escapes at the time of Bcgmentation, 

Thus it is probable that in any malarial paroxysm a con- 
siderable amount of liiemoglobin escapes and becomes diffused 
in the general circulation. Ponfick has estimated that up to 
one sixth of the total number of red blood-corpuscles may he 
destroyed within the circulation, and yet the hiemoglobin be 
disposed of in the economy without appearing as met- 
hasmoglobin in the urine. Though in every malarial process 
there is probably a more or less continuous escape of haemo- 
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globin into the bloocl plasma, tliis doea not under ordinary 
circumatflnccB pass through the renal epitlieliuin ; it is in 
great part taken care of by the liver, by which it is trans- 
formed into the bile pigments. This results in the poly- 
cholia which is so characterietic of malaria and other condi- 
tions where there is extensive blood destruction (perniciooB 
an(emia). 

In severe festivo -autumnal infections enormous numbers 
of red corpuscles, indeed as many as from one to two millioue 
— a third of the entire number— may l)e destroyed in a single 
paroxysm and yet no hemoglobinuria occur. It must, to be 
sure, 1)6 remembered that this destruction does not take place 
at one time, hut during twenty-four or thirty-six hours, while 
many of the coi-pusclea have lost their liteinoglobin gradually 
through the action of the parasite in developing pigment. 

That hffimoglobiimria should occur there must, however, 
be an enormous destruction of red blood-corpuscles — a de- 
structioQ too great, probably, to be dependent wholly on the 
disintegration of parasitiferous elements. An infection so 
extensive that the decolorization of infected corpuscles alone 
is sufficient to account for an liremoglobinuria probably never 

We are compelled, in seeking an explanation of the occur- 
rence of this process, to suppose the existence of some condi- 
tion which renders the uninfected red bJood-corpuscIes nn- 
ususlly vulnerable, jjossibly Home change in the blood serum 
bj which its isotonicity is markedly disturbed. And, further, 
there must lie a direct exciting cause — a cause wliich appar- 
ently varies under different circumstances. 

In addition to the excessive destruction of red blood- 
corpuscles, it is probable that degenerative changes in certain 
of the internal organs, tlie Uver and the kidneys in particular, 
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may play an important role in connoetion witli the develop- 
ment of tiie btemoglobinuric paroxysm. The fact tliat 
htemoglobinuria is rare early in the course of a inalariiil in- 
fection is well recognized ; it ifi particularly common in 
individuals who have suffered from frequent and long-con- 
tinued attacks. But wlien we consider the extensive degen- 
erative changes which occur in the kidneys and in the livor 
in chronic and frequently rei)eated infections, it is not incon- 
ceivable that an increased permeability of the renal epithe- 
lium due to the grave alterations produced by the infection, 
together with a relative incapacity of the liver to carry out 
the extra work demanded of it, may represent important fac- 
tors among the elements constituting the predisposition to 
hsemoglobinuria in such conditions.* 

Let us now consider the conditions under which the 
btemoglobinuric paroxysm occurs. 

All observers agree that climate plays an important pre- 
disposing role. The greater prevalence of the procesa in 
certain special regions has been already mentioned. 

Beyond this there is apparently an individual predisposi- 
tion the nature of which is by no means clear. There are, 
however, certain general conditions which appear to be neces- 
sary for the development of the btemoglobinuric paroxysm. 

Hajmoglobinuria does not occur early in a malarial infec- 
tion. It is seen usually in relapses or after oft-repeated 
attacks where tlie patient is in a more or less aniemic or re- 
duced condition. 

But, as Bastianellif has insisted, it is not in the most 

" Murri (II Policliiiico, 18D6, ii, 340). who discusses tliis subject al lenglh, 
insists especiall; upon the importsnoe of grave renal lesionti as neceBMiy for 
the derelopment of bn-moKlobinurio. 

f Ann. di med, nav. ann. II, 1800, xvi. 
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clironic cases of malaria that hEemoglottimiria occura^that is, 
those cases where already a certain equilibrium has been 
established between the needs of the organiem and the 
function of the Leemopoietic organs ; it is in those cases 
where the melanosis and the antemia are yet present — 
that is, at a period wliere the organism is actively en- 
gaged in freeing itself from the residua of the infection 
and in compensating for the loss of the elemeats of the 
blood. 

If these be important factors in t!ie predisposition above 
referred to, it is not surprising that it should be variable and 
transitt>ry. 

The factors which are necessary for the prodnction of an 
htemoglobinuric parosysra are summed up as follows by 
Bastianelli : * 

" 1. Pre-existing alterations in the hemopoietic organs 
due to preceding infections. 

" 2. Anteraic conditions of the blood, 

" 3. That one or more feljrile attacks have preceded, 

"4. An individual predisposition (idiosyncrasy). 

" The above-mentioned factors create the transitory con- 
ditiona whicli permit the attack which takes place through the 
action of 

'* 5. A provocative agent." 

The latter varies possibly in different cases. 

Bastianelli has distinguished several different forma ot 
hcemoglobinuria according to their relation to the stage of 
the infection in connection with which they occur. 

1. Ileemoglobinuria occurring in association with the ma- 
larial paroxysm. The onset of the attack bore coincides with 
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the eporulation of a gronp of organisiiiB and with the fresh 
parasitic invasion. 

Such attacks may be of relatively short duration. They 
may be intermittent, being repeated with successive parox- 
ysms, or, in other eases, continuous or subeontinuons, just as 
may be the fever in infections with multiple groups of the 



2. In other instances the atta^^k may likewise come on 
during an ordinary malarial paroxysm in aseociation with the 
spomlation of a group of parasites ; the parasites, however, 
which were present at the onset disappear spontaneously 
during the paroxysm. Such attacks are often severe and of 
long cJnration, lasting several days after the disappearance of 
orgrinisras from the blood. They may be followed by fever 
of some days' duration. 

In these forms of hfemoglobinuria the esc i ting cause 
is evidently closely connected with the life history of 
the parasite ; it is present only at the time of sponi- 
lation of a group of organisms and may very possibly 
be represented by some toxic substance set free at the 
time. 

3. But there are other forms of malarial hfemoglobi- 
nuria which much resemble these clinically, but occur in 
patients whose blood and organs are free from parasites. 
There has, however, always been a recent infection. In 
other words, we have to do with a poat-malarial husmoylo- 
hinui'ia. 

These post-malarial attacks may occur : 
(a) Rarely as separate inteniiittent paroxysms. 
(J) More commonly as a single, very severe, often fatal 
attack. 

The direct exciting cause of such paro-xysms is quite un- 
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known. IntereBting cases of this nature have been reported 
bj Grawitz* and BaBtianelli and Bignanii.t 

4, Lastly, as pointed out originallj bj Tomaselli, of Sici- 
ly,^ ^^^ later by Grei^ian pbysicians, by Murri," and espe- 
cially by Plehn, II litenioglobinuritt may occur in individuals 
who are eufEering or have i-ecently suffered from malaria, as a 
direct result of the adminiBtration of quinine. 

From a careful consideration of the reported cases Baetia- 
nelli shows that ; 

(a) It occurs only in individuals who have suffered from a 
previous malarial infection. 

{/*) In such cases the hiemoglobinuric attack follows every 
time that quinine ia administered, whether it be during the 
occurrence of the malarial paroxysm (TomaBelli) or after the 
infection lias mu its course (Murri), 

((') Extremely small doses of quinine are capable of bring- 
ing on the attack. 

(d) The hwmoglobinuria of quinine has been seen in 
patients who have already suffered from spontaneous htemo- 
gl obi nun a. 

An important difference between the hemoglobinuria of 
quinine and the spontaneous hfemoglobinuria of malaria is 
that in the former the predisposing conditions, whatever they 
may be, last usually for a considerable length of time, and 
while this prodispoping condition exists the determining 
cause, quinine, produces the attack without fail every time 
that it is administered, be the dose ever so small. Toma- 
selli believes the predisposing condition to be a personal 



♦ DpHlKh. med. Woch., 1803. 

t Bull. soe. Unc d. Roinn. 1HB3, xii. 81, 

i(n) I Cong, di med. int. Itoiua, 1888; (i) Clin. med. Firen^e, ISWt.lSl. 

* Policliuico, July 15, 1805. 1 Op. eit. 
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idiosyncrasy ; it has been observed to prevail in certwn 
families. 

With the spontaneous hiemoglobinnrias of malaria the 
conditions are different. The attack here appears to he 
merely an episode. In relapses or succeeding malarial parox- 
ysmB, where, so far as we can see, the conditions are exactly 
the same, there may be no return of the attack. 

Thus we may see hEemoglobinuria duo to quinine : 

1. Occurring during an acute infection. 

2. After the organisms have disappeared (post-malarial). 

Here, in the words of Bastiauelli, "the preceding mala- 
ria creates the fundamental disposition ; the existing malaria, 
the accidental disposition ; the quinine, the provocative agent." 

It may be that ui addition to these two forms we muat 
yet recognize a third type where quinine exereises its action 
only occasionally — " hemoglobinuria accessuale do chinino 
episodiche " (Bastiauelli). 

The clinical picture of an hiemoglohinuric paroxysm is 
fairly characteristic. It is never the first symptom of a 
malarial infection. Usually it appears in the course of a re- 
lapse, or, at least, the patient has had several paroxysms 
before the pernicious one appears. As has been above stated, 
the paroxysm may appear after the acute s^-mptonis of the 
infection have subsided. It is commonest in individuals who 
have had repeated attacks and are more or less cachectic. 
Further predisposing causes may he anytlung tending to 
reduce the vitality of the individual. As has been mentioned 
above, certain individuals and certain families appear to be 
especially subject to haemoglobin uric attacks. An individual 
who has once undergone an hsemoglobinuric paroxysm is not 
infrequently the subject of further attacks with subsequent 
infections or relapses. 
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Tlie procese usually begins with a severe cliill, which is in 
marked contrast to the general rule in testivo-autuiunal infec- 
tions, wliere the cliill is so often abortive or absent. This 
chill ifi followed by intense headache and aching pains in the I 
hack end extremities, and usually by profuse and obstinate ' 
vomiting. The vomituB consistfi of a deeply bile -stained 
fluid. The face is flushed, the conjunctivse injected ; the 
pulse is usually rapid and small. There is a distinct icteric 
hue to the akin and coujunctiveB. The attack is generally 
associated ^ritb great mental anxiety and a|)preheiiaion. 
There is commonly profuse diarrhoea. 

The vrine, at first of a reddish hue, becomes deeper in 
color, and finally an intense brownish-black, with something 
of a greenish hue. On shaking, there is a greenish-yellow 
foam. The vomitus, at first yellow, then green, hecomea 
finally almost black. The stow/s are of a green or brown 
color, and are usually fluid, though in some instances there 
may be constipation. 

The patient often falls into an algid condition. He ia 
quite cousciouB, but in a state of profound collapse; often 
tliere is great anxiety and mental agitation. There may be 
severe epigastric pain, which is possibly associated in part 
with the repeated vomiting. The pains in the batrk and loina 
are usually excessive. 

Kelsch and Kiener * believe that these pains in the loins 

may he associated with the intense renal congostiou. There 

is usually high fever, the temperature touching in some in- 

' r, (Ulfj" F.). The jaundice generally increaeea 

during the attack. 

The urine, at the height of the process, is of a deep 
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browniBli -black color, and depoeits, on standing, an abundance 
gf red dish -brown sediment. Tlie amonnt varies considerably 
in different instances. It may be extremely scanty, tLougb 
at times it may amount to one thousand or fifteen hundred 
cubic centimetres. The specific gravity varies inversely to the 
amount of urine passed. It is usually above nonnal. The 
reaction varies, being generally feebly acid. Alhumen is 
usually abundant. In some instances there may be a reaction 
for tlie bile-coloring matters. Kelsch and E^ner believe 
this to be the rule at the height of the process, while Plehn, 
in eight instances, failed to obtain the test. 

The sediment consists of mucus, bladder epithelium, 
numerous granules and masses of pigment, renal epithelial 
cells, and, almost invariably, hyaline and granular casts with 
epithelial cells adherent. In many instances blood-corpuscles 
may also be found, actual hfcmorrhage taking place into the 
kidney. 

The severity of the hpenioglobinurie attack varies greatly. 
In some instances the temperature may remain elevated for 
nine or ten hours, and then with profuse sweating fall rapidly 
to normal. The urine clears np, only a slight trace of albu- 
men with occasional casts persisting for a few days. Com- 
plete recovery may follow a single sncli attack. There may 
be repeated intermittent htemoglobinurie paroxysms, which 
may, as Plehn has shown, end in recovery under wholly 
expectant treatment. 

Usually, however, the condition is more severe and the 
fever is prolonged. The vomiting and pni^ng continue and 
increase in severity, and the jaundice becomes deeper. There 
may bo slight intermissions, but the manifestations are often 
continuous. During intermissions the urine may show tem- 
porary changes for the better, but with the exacerbation of 
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the 8ympti>mB it returns to its old condition. Tbe amount of 
orine diminishes, the albumen inereases, the patient becomes 
pale, the eyes sunken, the tongue dry, the pulse rapid and 
feeble, and finally a fatal result ensues. It is surprising, 
however, from what apparently desperate conditions patienta 
may recover. 

In other instances the course of malarial hEemoglobinuria >] 
is extremely rapid and fatal. A very grave symptom in tlieee 
cases, which begin always with a chill, fever, vomiting, and 
diarrhcea, is suppreasion of urine. But a few intensely bloody 
drops may be passed ; there may be complete aniiria. There 
is great agitation, prostration, and profound collapse; death 
follows usually within a few days. 

Tbe hsBmoglobinuric attack is always followed by nephri- 
tis. In the milder cases this may be transient and slight. 
Sometimes, however, the paroxysm lias a definitely nephritic 
tyi>e. The initial suppression of urine never entirely clears 
up, the quantity reniainuig steadily below normal. The albu- 
men and casts persist, and Bymptoms of uriemia, delirium, 
coma, and convulsions follow, leading to a fatal result. 

The hflsmoglobiimric attack is in itself one of the most 
fatal manifestations of pernicious malaria, yet it is very inter- 
esting to note how frequent are spontaneijus recoveries with 
disappearance of the parasites. These facts suggest strongly 
the possibiUty that either the existence of the lisemoglobiuBe- 
mia itself, or the presence of some other toxic substance in 
the blood, may act unfavonibly upon tlie p;inisite during the 
time of the paroxysm. In many instances, however, where 
spontaneous recovery lias been noted the process waa prob- 
ably a tnie jjost-maZ-nnul htemoglobinuria, like the cases of 
BaatianelH and Bignami. 

Tbe hoemoglobinuric paroxysm due to quinine differs little 
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in ito clinical manifeatations from the spontaneous malarial 
hffimoglobiuuria. 

The Bl'xid in ^£s(wo-autumnal Fever. — The blood in 
EPBtivo- autumnal fever shows the presence of the tliird variety 
of malarial parasites above described — the so-called ajetivo- 
antumnal organism {ITiemtitozoon falHparuTn, Welch). Dur- 
ing the early part of an sestivo-autumnal infection the only 
forme which are seen in the circulating blood are the small 
ring-shaped or amoeboid hyaline bodies. These, as \vill be 
remembered, are often smaller and somewhat more refractive 
tlian the younger forms of the tertian and quartan parasites. 
They frequently show a very marked ring like appearance, 
though they may be disk-shaped and actively aniojboid. 
Shortly before the onset of a paroxysm certain of these bodies 
are seen to have very minute dark-brown pigment granules, 
often only one or two. These are very commonly situated 
near the periphery or about the central lumen-like spot. 

Just before and during the paroxysm organisms may be 
seen which are a little larger than the others, containing, in 
the middle, collections of line, dark-brown pigment granules, 
or a single pigment block. Actual segmenting oi^nisms ate 
very rarely seen in the peripheral circulation. After the 
process has existed for from five days to two weeks, the lai^r 
ovoid and crescentic forms, with collections of coarse, cen- 
trally arranged pigment granules are usually to be found. 

Where the crescents and ovoid forms are to be found we 
miy often see also the round bodies which develop from them, 
and wherever these round bodies are present changes similar 
to those observed in full-grown tertian and quartan organisms 
may often be followed out : 

1. Vacuolization. Either the crescentic or ovoid or round 
forms may show an accumulation of small circular bodies, the 
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development of wliicli is usnally aseociated with an increasing 
pallor and apparent disintegration of the parasites as a whole. 

2. PBeudo-geiiimation, The round [iody usuallj, though 
HometiincB an ovoid or even creecentic form, gives rise to sev- 
eral small hud-like fragments. 

3. Flagellation. The flagellate bodies, when they occnr, 
always develop from the round forma. 

Under quinine the organisms rapidly disappear from the 
circulation, with the exception of the crescentic, ovoid, and 
ronnd fonns, which may persist for weeks, or even months. 
Thus the writer has observed flagellate bodies over a week 
after the administration of qiiioino and the disappearance of 
all active symptoms of malarial fever. 

The blood in jnalarial hmm)g1^inuria, if the process occur 
in nn acnte infection, shows the ffistivo-antunmal parasite. 

In ffstivo- autumnal fever phugi»-yiii»iii occurs with less 
cydicid regularity than in tertian or quartan fever. This is 
due, probably, to the facts (1) that multiple groups of para- 
sites are often present, segmenting at frequent intervals ; and 
(2) to the fact that in many instances early degenerative 
changes are brought about within the red cells which render 
tlierri practically foreign bodies in the circulation. Pigment- 
ed leucocytes are much more frequent during and just after 
the paroxysm, but may be found at any time iluring the 
course of the fever. They may contain granules or blocks of 
pigment, or in some instances complete parasites with central 
pigment clumps ; shmnken and brassy red corpuscles, with or 
without included parasites, may be taken up. These latter 
bodies are often found within large mononuclear macrophages, 
elements such as arc ordinarily only to be seen in the spleen 
and internal organs. A more accurate description of these 
forms will be given in the section upon phagocytosis. 
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Beyond the presence of the parasites the blood in sestivo- 
autnmnal fever may show little tliat is remarkable. In severe 
cases, however, the ansemia may be considerable, while the 
pallor of the individual blood-corpnscles, the differences in 
size and shape, and the presence of nucleated red corpuscles 
mav be notable. 

The same reduction in the number of the leucocytes, with 
a relative increase in large mononuclear forms and diminution 
of the polymorphonuclears, is to be made out as in the regu- 
larly intermittent fevers. 

I shall enter into a more extended discussion of this sub- 
ject in the following lecture. 

The blood in malarial hcpmoghfbinuria shows usually the 
evidences of a grave ansemia. There are marked differences 
in size between the individual corpuscles ; there may be a mod- 
erate poikilocytosis. Occasional shadows of red corpuscles 
may be seen in the circulating blood, but they are rare. Nu- 
cleated red corpuscles may be fairly numerous. 

In dried and stained specimens Bastianelli found numer- 
ous red corpusc*les containing areas which stained with methy- 
lene blue. 

Bignami and Bastianelli noted a marke.l increai?e in the 
numlKjr of tlie blood platelets which may be of unusually 
large size. 

In same cases these observers believed that, in the presence 
of a large nuni])er of free parasites, they had found evidence 
of an earlv destruction hv decolorization of a larire numl)er of 
parasitiferous corpuw?les. 

An important fact in connection with tlie ])1o<:k1 in mala- 
rial hapmoglobinuria is that there is a niarke<l leucoc>i:o8i8, 
with an increase in the number of polymorphonuclear cells. 
This leucocytosis is otherwise never soQii in uncomplicated 
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malaria, except, perhaps, during the death agouy. The leuco- 
cjiiosia begiue with the attack aiid lasta a certain length uf 
time afterward; it continuee during the fever which Bome- 
timea follows the hiemoglobiuuric paroxysm. 



FEVEE8 WITH LONG INTEEVAL8, 

From early times intermittent fevers have been described 
with intervals lasting materially longer than two or three 
days ; thus, quintans, sextans, octans, nonane, etc., have been 
notfid. 

Now after Golgi had described the life history of the 
quartan and the tertian parasites, demonstrating clearly how 
the paroxysms every other day, or every fourth day, were 
definitely related to certain phasea in the cycle of existence 
of the parasites, it is but natural that he should have looked 
forward to the discovery of other parasites, which in turn 
might give rise to fevers characterized by paroxysms with 
longer intervals. And, indeed, in 1889* he stated hia belief 
that the parasite whicjli we now know as the eestivo-autumnal 
organism might, under certain circnmatanees, be associated 
with fevers with long intervals, lie believed that the parasite 
underwent a slow development, passing through the crescen- 
tic fonu and finally segmenting, giving rise to paroxysms at 
intervals of ten days or more. He advanced this view only 
aa an hypothesis, stating tliat he hod not as yet been able to 
discover segmenting bodiea. 

In 1890, as will lie remembered, Canalis,t from the atody 
of the same organism, came to the cunclusion that the para- 
Bite possessed two distinct cycles, a shorter and a longer. The 
shorter, associated with the forms which we now recognize to 
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be connected witli the ordinary cjcle of development of the 
tBstivo-aatnninal parasite, lasted about twenty-four hours ; 
while the longer cycle, oBsoeiated with the development of the 
erescentic and ovoid bodies, tasted a considerably greater 
length of time, three or four days or more. Canalis, as well 
as Antolisei and Angelini, believed that they had found defi- 
nite proof of the segmentation of erescentic parasites and 
their derivatives. 

Further study and observation, however, has tended to 
bring these views into discredit, and there are probably, to- 
day, no obeervers who believe in the existence of a parasite 
whose regular cycle of existence lasts more than seventy-two 
hours. As we have seen in the description of the parasite, 
there is no proof whatever that the crescents and ovoid bodies 
are capable of segmentation. Ajid indeed it is true, that 
while cases of fever with long intervals are not infrequent, the 
regultir recurrence of the paroxysms — that is, a regular quin- 
tan, sextan, or octan, etc. — ia extremely rare. That, how- 
ever, paroxysms with intervale of approxiifuiUhj seven, 
eight, nine, ten, fourteen, twenty -one days do occur is unques- 
tionable. 

To what results have intelligent studies of the blood in 
these cases led us ? Golgi, as has been noted, deeoribed such 
paroxysms occurring in patients with the sestivo-autumnal 
parasite. Bignami* and Pes,+ however, showed that they 
might occur in connection with the tertian parasite, white 
Vincenzi \ has more recently shown that they may be ob- 
served in infections with any one of these three organisms. 



* Ritorma medica, 1801, iii. 16B. 

t(o) Ritorma medica, 1833, ii, 113. % Kiforma Tnedicn. 1803, ii, 731 
i (o) Bull. a. R. nee, med. d. Roma, lH91-"83, 631. (b) Arch, pr le s 
med., xiz, I. 3, 18DS, 303, 
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These facts have been abondantly confirmed in our expe- 
rience. 

Bignami was the first to advance what is doubtless the 
tme explanation of this phenomenon. It is self-evident that 
in infections, for instance, with the tertian parasite, if with 
each paroxysm every full-grown organism underwent segmen- 
tation and every segment attacked a new red eorjrascle, the 
infection must of necessity soon reach such a degree of in- 
tensity that it would becomo pemicioua and fatal. Tins, 
however, is not the case. A very considerable number of 
full-grown parasites do not even reach the segmenting stage, 
but undergo one or anotlier of the various forms of degenera- 
tion above described. Furtliemiore, we liave seen bow fre- 
quently the segnientiug bodies tliemselves may be engulfed 
by phagocytes. 

It is doubtless tme that with every paroxysm a large num- 
ber of full-grown and segmenting fonns as well as fresh 
spores are destroyed in the circulating blood, whether this be 
due to the normal activity of the blood semin, to the presence 
of some abnormal toxic substance, or to an active phagocyto- 
sis on the part of the colorless corpuscles. This destruction 
may be so great that, for instance, in a double tertian infec- 
tion, one group of parasites may entirely disappear from the 
circulating blood, the fever tj-pe changing from quotidian to 
tertian {vide Chart XVII, facing page 17X). Such a sponta- 
neous cure is, however, usually but temporary. After a vary- 
ing length of time, from a few days to several weeks, a 
recnidescenee occurs. A few organisms have been left which, 
undergoing their ordinary cycle of development, eventually 
reach a number sufficient to produce again the characteristic 
clinical s^nnptonis. 

Sometimes, by a similar mechanism, a single tertian or 



173 LECTURES ON THE MALARIAL FE-\T:RS. 

quartan infection may be associated witli paroxysms at long 
intervals. The writer lias observed one instance in which 
three or four paroxysms oconrred thus at intervals of exactly 
eight days. After each paroxysm the destruction of the para- 
sites was ao great that a period of eight days passed before the 
group acquired sufficient strength to give rise to fresh maui- 
featations. It is probable that in many of these cases, if very 
careful observations of the daily temperature were made, 
slight unobserved febrile elevations would be seen forty-eight 
hours, or seventy-two hours, or a day, according to the type 
of the infection, before the distinct parosyem. 

The same condition of things may be observed in quartan 
and eestivo-autumnal infections. 

In some instances paroxysms with long intervals may owe 
their occurreme to the intermittent administration of quinine. 
In one of our cases a lady asserted that she had had several 
paroxysms at intervals of t«n days, the last of which occurred 
under our observation. Immediately after each paroxysm she 
had taken a single dose of quinine, which had so far destroyed 
the group of tertian organisms present as to postpone tlie 
recrudescence for ten days. 

It may then be asserted that fevers with long intervals are 
probably invariably due to recrudescences of partially cured 
tertian or quarfcin or testivo-autumnal infe *ions. We know, 
fie yet, no organism which is associated regularly with fevers 
occurring at longer intervals than seventy-two hours. 

OOMntKSD INFE(7riONB WITH DIFFEEEST VAKIETIEB OF THE 



Combined infections with different varieties of the mala- 
rial parasite may occur, though they are uncommon. Out of 
sixteen tiundred and eighteen cases occurring at the Johna 
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Hopkins HoEpital, tliere were only thirty-one combined infec- 
tions, Tlie conimoneat combination observed in this climate 
by far is tliat of the tertian and the iBStivo-autumnal paraaites. 

It is interesting that the clinical manifeetations of these 
cases are usually dependent upon one or the other variety of 
the parasite, a complicated fever chart resulting from the 
combined action of both organisms being extremely rare. 
Usually one organism is markedly in excess, giving rise to the 
symptoms eharacteriatic of that type of infection. 

Vincenzi has observed that in combined infections which 
are untreated, an interesting alternation in the symptoms may 
occur, a period of tertian fever, for instance, being followed 
by a spontaneous recovery, which is in turn followed by a 
period of quartan fever ; this again gives way of itself, and is 
followed by a recrndescence of the tertian manifestations. 

It has also been observed by Di Mattei * that if a patient 
suffering with one variety of malarial fever be inoculated with 
Ae organisms of another type, the pre-existing infection ap- 
pears to give way to the fresh, which rapidly replaces it. 
Such experiences are not dissimilar to what, as is well known, 
may be observed in the artificial culture of various other mi- 
cro-organisms. 

Rare cases are reported, however, where complicated fever 
charts, causing sometimes grave and pernicious manifestations, 
may be aesooiated witli the presence of two active groups of 
parasites of different tj'pes. Such a case we have never ob- 
served. 

MASKKn MAL&BIAI. INFECTIONS. 

There is an extensive and rather confusing literature upon 
the masked or so-culled " larvate " forms of malaria. These 
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are supposed to be caeca where, without fever, the intoxicatian 
manifests itself by a variety of syinptomB ; headache, neural- 
gias, urticaria, haemorrhageB, dyspepsia, asthma, etc. These 
may occur intermittently, and in some instanccB appear to 
yield to quinine. 

The insight which we have recently gained into the true 
natiu'e of paludism has shown us that many of these cases 
have no connection whatever with malaria. And yet in a cer- 
taiu number of instances malarial infections may cause distinct 
symptoms with little or no fever. Tliese instances are not 
infrequent in improperly treated tertian and quartan infec- 
tions, where the patient keeps about on his feet, taking, per- 
haps, an occasional single dose of quinine, enough to weaken 
but not to eradicate the infection. Here the process may, as 
it were, be kept in a permanent stage of incubation. 

There are, however, other instances where for a consider- 
able length of time there may be more or less marked subjec- 
tive symptoms with little or no fever. The paroxysm is rep- 
resented by a slight feeling of maluise, often associated with 
headache or neuralgia in various regions. Supraorbital neu- 
ralgia is generally described as particularly typical of these 
cases, though in my experience it is not a common manifesta- 
tion of malaria. 

During the abortive paroxysm there may be shght flush- 
ing, with a rise of temperature to a degree or so above nor- 
mal, which may be followed b^ a little sweating ; but usually 
fever is practically absent, the temperature really being sub- 
normal during the greater part of the time. 

We have observed the same condition in a number of 
instances of aastivo autumnal infection. These eases may 
Bhow for some time a normal or even subnormal tempera- 
ture, with more or less subjective symptoms. These symp- 
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tonis are cspet'ially likely to be nervous — severe beadache, 
neuralgias, and sometimes, indeed, other interesting nervous 
phenomena. In several instances the patients showed beside 
headaches a sensation of dizzineaa together with a markedly 
unsteailj ataxic gait. The blood Bhowed typical lestivo- 
autumnal organisms, both small amosboid, intra-corpuacular 
bodies and crescentie and ovoid forms. Torti has reported 
a case of iKstivo-antumnal infection without fever where the 
symptoms suggested strongly multiple sclerosis. 

Sometimes in true pernicious cases the temperature may 
fall and remain normal or subnormal for some days before 
the fatal issue. A caae of this nature hs8 boeti reported by 
Osier.* 

Tliere are, moreover, particularly in old individuals, cafles 
where the gravest and most fatal infections may occur 
almost entirely without fever. An example of this nature is 
reported by Marehiafava and Bignami— a case of pernicious 
a-stivo-aotumnal malaria with hemiplegia and yet a practically 
Qonnal temperature. The blood in these instances may cob- 
tain a very large number of parasites. These masked pemi- 
ciona casea may he most insidious in their origin, and, apart 
from the preat number of parasites in the circulation, there 
may be at first little evidence either in the temperature or in 
the other symptoms of the gravity of the caee. Marehiafava 
and Bignami have called attention to the analogy between 
the insidious development of the symptoms in these cases and 
that obBer\ed in other infectious, especially in pneumonia in 
the aged and debilitated. 

■ JohDB HopkJDB HoapUal BuUetin, vol. ii, ISOl, p. 161. 
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THE UEINE IN UALABIAL FEVEK. 

We have in this clinic made no elaborate analyses of the 
urine in malarial fever. Much of what follows is taken from 
the careful observations of Rem-Picci.* 

Amount. — There are no very characteristic changes in the 
daily quantity of the urine during malarial fever. In the 
regularly intermittent fevers the amount, while within the 
limits of normal, is yot rather large ; in the more eontinnous 
sestivo-autumnal fevers, where the conditions both with re- 
gard to the temperature, the nourishment, and the surround- 
ings ara more like those existing in the other continued 
fevers, the amount is diminished. 

Interesting variations occur in the quantity passed at dif- 
ferent periods during the infection. The greatest quantity of 
urine is, as a rule, passed during the early part of the febrile 
paroxysm, though the increased flow begins just before and 
continues a little after the fever. During the intermission a 
small amount of urine is paased. 

There are occasional exceptions to this rule where the 
greater quantity of urine is eliminated after instead of during 
the paroxysm. 

During convalescence from the regularly intermittent 
fevers there is often a well-marked jwlyuria. This may begin 
immediately after the end of the febrile period, or not until 
five or ten days later. It may last a few days or for some 
time, in one instance over thirty days ; tlie amount is usually 
moderate, not exceeding two or three litres. This post- 
malarial polyuria is much less marked in ffistivo-autumnal 

■ (a) Rcm-Piwi and Bernaseoni, Policlinico, Roma, 1803-'84, i, 181. (6) 
Rera-Picci and Caccini, PolicliniTO, Roma, 1803-'94, i, faso, 18°. (e) Rem- 
Picci, Bull. d. R ace med. d. Roma, IBQS, xxii, 771. 
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fever than in tertian and quartan infections, though a prion 
on account of the previotiB diminution in urine one might 
expect the contrary. 

Color. — The color of malarial urine is generally increased, 
resembling often that of an ordinary fever urine. In some 
cases the color may he excessively high. The deep reddieh 
hue which is usually evident depends upon tlie increased 
quantity of urohiHn which is derived from the trans- 
formed hremoglohin of the destroyed red corpuscles. Kot 
infrequently, as is stated elsewhere, the blood serum may 
contain actual bilirnbin and the j)atient show a slight but dis- 
tinct jaundice, while tlie urine is free from bile coloring mat- 
ters, showing only an excess of urobilin. The transformation 
of bilirubin into urobilin in these coses occure in all probabil- 
ity in the kidneys themselves. 

In severe cases, however, the quantity of biliary coloring 
matters in the circulation may be so great thnt they are elimi- 
nated as such in the urine and become demonstrable by Gme- 
lin's teat. This is especially common in the htemoglobinurio 
paroxysms, where both blood and biliary coloring matters are 
often demonstrable. 

The color of the urine during the paroxysm is, according 
to Botazzi and Pensuti,* lower than that afterward. Rem- 
Picci, however, as a result of careful stti'lies with more ma- 
terial, maintains that the opposite is the case, the febrile urine 
showing a distinctly higher color. 

Acidity. — There is apparently no characteristic change in 
the reaction of malarial urine beyond tlio fact that owing to 
the moderate concentration the urine is often rather liigbly 
acid, as is the case in any acute febrile process. In a few 
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observationB hj Rem-Picei the acidity of tbe urine during the 
paroxysms was certainly not reduced. 

Specijic Gravity. — The specific gravity of the total daily 
quantity of urine in malarial fever varies in general in inverse 
proportion to the amount of urine, and passes little outside the 
limits of normal. The urine during the chill, which is in- 
creased in amount, is yet of a normal or even increased spe- 
cific gravity, while that passed between the paroxysms has a 
lower density. 

It is an interesting fact that the urine in post-malarial 
polyuria is of a relatively high specific gravity: 1015, for 
instance, with 3,000 cubic centimetres of urine. Botazzi and 
Pensuti, who assert that the greater quantity of urine is 
passed after the paroxysm, differ from Rem-Picci also with 
regard to the specific gravity, maintaiuing that that following 
the paroxysm has a greater density. 

The Total Solids. — The total solids are somewhat in- 
creased, as in any fever urine. They are more abimdant dur- 
ing the paroxysm, less in the intermission. They are uiarkeilly 
increased during the post-nialarial polyuria. 

The Urea and Total Nitrogen. — The total amount of 
nitrogen eliminated in twenty-four hours is almost always 
increased, though not excessively. 

The urea and total nitrogen increase markedly during the 
fever, and more particularly during the early part of the par- 
oxysm. The increased elimination may begin even before the 
actual onset of the fever. After the paroxysm there is a 
diminution in the urea, tlie quantity eliminated remaining 
relatively low until just before the onset of the next chill. 

Ringor," studying the urine in cases treated with quinine, 

• Med.-Chir. Trans., 1850, xlii. 
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noted a rise in the nitrogen elimination at a time correspond- 
ing to that on which the Buecoeding paroxysm would have 
occurred without treatment, and Kem-Picci was able to ob- 
serve tim in one case. 

In post-malarial polyuria there is also an incrensed nitro- 
gen elimination. 

CWd Add. — The twenty-four hours' quantity of uric acid a 
is not increased beyond normal limits. The variations in the 
excretion of uric acid at different ' periods of the malarial in- 
fection are strikingly slight when compared with those of 
urea and total nitrogen. In general, the amount excreted 
during fever ia slight relatively to that eliminated during the 
inteniiission. 

The fact that the urine of malarial patients not infre- 
quently deposits a sediment of urat£s depends rather upon 
their greater or less solubility than it does upon their actual 
increase. 

ChloHdett. — The cliloridea, which in so many other febrile 
diseases are diminished, remain stationary in malaria. They 
aro increased during the febrile period, falling to a lower 
level afterward. They are increased in post-malarial poly- 
uria. 

Sulphates. — The twenty-four hours' quantity of the sul- 
phates as well as the variations in the amount excreted at 
different periods of the disease correspond entirely to the 
variations in the excretion of urea and total nitrogen, 

Pft^fphot^s. — The phosphates, earthy and alkaline, are 
often increased in the twenty-four hours' urine. Alone among 
the solids tliey show a marked fall during the febrile period, 
the maximum (juantity being eliminated during the intermis- 
sion, at which time the increased excretion more than com- 
pensates for the reduction during the fever. There is ft 



J 



^f^ .i?r--rTt» v rffi rvr^iaiAi. Hv -jul 



^■•^■'Ti-*^- > ''*^ -*ri«*T*fTiiTi t '^tinrn .xin " i*'nuf?i£iZL a .t^jfc- 

r*.;i*» 'i»ii^:r*/# -r'nTioiiPff '"*>r*-r r a .wmur 'le 'fHiBaiiiii ju 

■ 

'lirrrifri. I.//I /lurlr*/ Hir. U\yt\T \ Ifi the otLcr hialf diirln:? ar»v- 



L 



CLINICAL DESCRIPTION OP MALARIAL FEVER. 181 

rexia. In an half, more sodium was eliminated during the 
fever than during the apjTexia ; in the other half the op- 
posite. 

Botazzi and Pensnti believe that they have demonstrated 
peptone in both febrile and afebrile urine, 

Iri»i. — Interesting researches have been made by Colo- 
santi and lacoangeh * concerning the excretion of iron in 
malaria. Tliey have shown tliat tlie urine in malaria contains 
more iron than in the ordinary febrile diseases. The relative 
amount is greater after than during the febrile paroxysm ; 
it is derived evidently from the products of the destroyed 
red corpuaclea. They have further demonstrated the fact 
that the elimination of iron \& proportionate to the destruc- 
tion of red elements. 

Afhumen. — Albumen is usually present after severe 
paroxysms. In the rcf^larly intermittent fevers it may 
amount only to a alight trace, while in severe infections it 
may lie more abundant. The sediment here shows usually a 
few hyaline or granular casU. In the milder cases these are 
only to be found after the most prolonged and careful search. 
Where the albumen is more abundant tliey may be fre- 
quent. 

Actual acute nephritis occasionally occurs in connection 
with or following the malarial infection. Here the sediment 
shows numerous hyaline, granular, and epithelial casts, and 
in aome instances blood. 

Malarial fever may be followed by severe clironic nephri- 
tis ; here the quantity of albumen may be abundant (one half 
per cent or more), while the sediment may show numeronB 
oasts and renal epithelial cells. 

• Alti ili XI Cong. mcd. inlfrnaz. Roinu, 1804, iii, funiiiicol,, 42. 
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Ehrlich's diazo reaction is occasionally to be observed; 
it was found in 5*5 per cent of the cases analyzed by Hewet- 
son and myself. 

The urine in malarial heemoglobinuria has already been 
considered. 



LECTUEE VI. 

BEqtrSLA AND COMPUOATIONa. 

SEQUELS. 

Jiel-apscs. — The recnulescenceB which so froquentlj follow 
spontaneous recovery or imperfeet and inKufficient treatment 
Imve already been spoken of. There exist, however, cases 
where, after thorough treatment and apparently complete re- 
covery, a reappearance of the symptoms o£ the disease occors 
after months — nay, Boraetimes, probably, even after years. 
These cases, though not extremely common, are by no means 
very rare, and have given rise to the idea so general in mala- 
rious districts, that a patient once the subject of malarial fever 
never thoroughly recovers. Many instances, doubtless, of eo- 
called relapses of malarial fever after very long periods of time 
are examples of mistaken diagnosis ; chills occurring from any 
cause whatever in a patient who has once had malaria are very 
commonly and unjustly ascribed to the old process. 

True relapses after really long intervals do, however, 
occur. A case of this nature I have already referred to in a 
previous publication ; that of a physician who, some eighteen 
months after the last appearance of a malarial fever, over a 
year after he had been in a malarious district, had three 
characteristic tertian chills while in the mountains of the 
Tyrol. The patient was well acquainted clinieally and patho- 
logically with the mnnifestations of the disease, and studied 
luB own case with interest, taking quinine only after the third 
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tertian paroxysm. Tlie treatment liad an immediate effect, 
and now some ten years have passed without further recur- 
rence of the symptoms. This case was probahly a true relapse 
after a long interval. 

How, with our present knowledge of the pathogenesis of 
malaria, are we to account for such eases ! The specific or- 
ganism must exist in some form within the economy during 
this long period of time. It is hardly conceivable that it 
ehould remain in the general circulation, passing through ita 
ordinary cycle of existence without causing any symptoms 
whatever. Further, the failure of repeated examinations of 
the blood of patients who have previously suffered from ma- 
laria to reveal the presence of the parasite renders this most 
unlikely. We are forced to fall back upon some such suppo- 
sition as that of Bignami, who believes that there must exist 
some, possibly encapsulated, form of the parasite wliieh we 
have not discovered— a form, he suggests, which may not be 
brought out by our ordinary staining methods. In this state, 
possibly as a spore, the organism may remain perhaps within 
the cell body of certain phagocytes for long periods of time, 
only to be set free again as a result of some insult, the nature 
of which is not as yet appreciable to us. 

It Las been suggested that the recrudescences of malaria 
reported after injuries to the spleen may be explained in some 
such manner as this, the body containing the resting stage of 
the parasite being in some way or other injured by the shock, 
BO as to set free its contents. 

Changes in l/te Bl»o<l.—P»st-MaIiirial Anwmia. — One of 
the earliest ej'mptoras to be observed in most of the malarial 
fevers is the development of a more or less marked aniemia. 
The reason for this may be readily appreciated when we con- 
eider the nature of the malarial infection. With every period 
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of Bpomlation an enormous number of red corpuscles is of 
necessity destroyed by the group of parasites, while also, as we 
have seen in considering the development of malarial hterao- 
globinuria, there may well be other eubstanceB present in the 
circulation which result in the destruction of a considerable 
number of non-pai-asitiferous elements. The early develop- 
ment of an ameiuia is a point upon which we shall insist later 
as of considerable value iii the differential diagnosis between 
malarial fever and certain acute infections. 

There are points about the anaamia occurring after malaria 
which are somcwiiat characteristic, and the study of the blood 
by a number of observers, particularly by Bigiiami and Dio- 
nisi,* lias revealed to us several more or less distinct forma in 
which the anemia may appear. 

Let us consider the changes occurring in the formed ele- 
ments and in the coloring matter separately. 

(ii) Tim Red Corpuscles. — From what has been said above, 
it may readily be conceived that examination shows a fall in 
the number of red corpuscles following each malarial parox- 
ysm. This has been noted by a number of observers, Keleeh,! 
Kalindero,:f Dionisi," and others, while iu our own clinic a 
numlier of counts made by Kirkbride under my observation 
tended to support these views. The fall in the number of 
corpuscles following a paroxysm varies greatly with its sever- 
ity. It is relatively slight in the regularly intermittent fevers, 
while in ajstivo-autunmal fever the loss may be very marked, 
over one million to the paroxysm. In malarial hfeinoglobinu- 
ria it may be enormous. So far as I know, this has never been 



• Ari^h. f. ftUg. Path. u. pnth. Anat., 18fl4. v. 423. 
t Arch. ilaPhya., 1875,690. 
X .lour, do mSd. et de pharm. do I'AlgiSrie, ISSO, I 

* Ix> sperimenlale, 1801, SS4. 
13 
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carefully estimated, tlioiigli how great it mufit be tlie degree- 
of ansemia noted after these attacks testifies. 

In the regularly intermittent feverg the regeneration of' 
the red corpuscles oceurE rapidly, the number approacliing ' 
the normal point before the following paroxysm. It is only 
after a succession of paroxysms, as a general tliing, that the 
anoeraia attains any marked degree of severity. 

In sestivo -autumnal fever, where the toss in corpuscles is 
so much greater, the regeneration is usually less active and 
prompt, and a grave ana-mia may develop early in the course 
of the disease. It has been noted that where the fall in cor- 
puscles has been great in the early paroxysms and a pro- 
nounced anipmift develops early, the subsequent paroxysms 
appear to be followed by relatively slight changes in the tottJ 
number of corpuscles. 

The auEemia following malaria may reach a very severo' 
grade, Kelach having observed aa small a number as five hun- 
dred thousand red corpuscles to the cubic millimetre. From 
the more severe grades of malarial ancemia convalescence is 
often extremely slow, the patient remaining in a feeble con- 
dition for months after the disappearance of the fever. 

(5) The Haimoglobiii. — The liiemoglobin follows in a gen- 
eral way the same course as the red corpuaclea. As is com- 
mon, however, in all secondary ansemias, it usually falls to a 
somewhat lower point, and in convalescence rises to normal 
more slowly than do the red corpuscles. The behavior of the 
hsemoglobin has been studied with particular care by Roseoni.* 

(c) CoUirl^ess Corjmscles. — The behavior of the colorless 
corpuscles in malarial fever presents sevei-al rather important 
characteristics. In most of the acute infectious diseases with 

• Lav. d, cong, d. soe. iLal, di med. int., II cotig., Romu, 18S9, 131. 
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■whiph we are familiar there is & leucocytosis. To this there are 1 
two well-marked esccptions — typhoid and malarial fevers. Ex- 1 
ceptiug in certain very grave pemitrions paroxysms the number ^^^| 
of colorless corpuscles in malaria is almost invariably subnormal. ^^^H 

Attention wag first called to this point by Kelecli,* while ^^^H 
it hae since been studied with particular care by Bastianelli t 
and Billings, t These observers agree entirely in tradng a 
fairly characteristic course for the total number of colorless 
corpuscles in tlio circulating blood in relation to the malarial 
paroxysm. While the number of corpuscles is almost always 
normal or slightly subnormal, there occurs a more or less rapid 
reduction in the number during and immediately after the 
paroxysm. Following this there ia a slow, gradual rise until 
ju8t before the beginning of the succeeding febrile elevation, 
when there occurs a rather rapid increase in number, to be 
followed again toward the end of the paroxysm by a fresh fall 

It is also interesting and important to note that on more 
careful study the relative proportions of the different varie- 
ties of leucocytes one to another have been found to show a 
distinct and constant deviation from the normal. There is a 
diminution in the relative pereentage of polymorphonuclear ele- 
ments, with a corresponding increase in the large numonuelear 
forms. The following tables show the pereentages obtained by 
Billinge in sixteen caees, as compared with the normal mean : 
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• Arch, do rtlrs.. 1870. 490. ^^J 
f Bull. U. R. iiccad. mod. d. Ramn. 1892, ivlii, 487. ^^^M 
i Joboa Ilopyns Hospllal Bulletin, 1SU4, lOS. ^^^H 
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Tliis change, it will be seen, ia exactly Biuiilar to that first 
pointed out t)j Uekov * aud coiiiirmed by Khetagurov f and 
the author, f in typhoid fever. Such a conditiou ifl in inarked 
contrast to that wliich we usually see in those forms of disease 
most commonly confounded with malaria, such ae pneumonia, 
influenza, tuherculoBis. In all these conditions a well-marked 
leucocytosis, with an increase in the relative percentage of the 
polymorphonuclear leucocytes at the expense of the siuall 
mononuclear varieties, is the rule. 

In rare instances, ae mentioned by Bastianelli,* a perni- 
cious paroxysm may be associated with an increase in the 
number of leucocytes. Excepting, however, in malarial hsem- 
oglobinuria and during the death agony, this is usually an 
evidence of a complicating infection. 

A remarkable instance of leueocytosis in pernicious fever 
occurred under our observation. This was the case of algid 
malaria referred to above. Here the blood count an hour be- 
fore death showed fifty thousand leucocytes to the cubic milli- 
metre. It is extremely interesting to note that, despite this 
leueocytosis, the differential count showed the characteristic 
changes mentioned above. The differential count showed : 

Siiiiili niononucl6«r 83 '0 per cenL 

Large raononudeBr and transitioiiHl forms 18'4 " 

Polj-raorphonui:lear 588 "' 

Bignami and Dionisi | have recently studied the poet- 
malarial anaimias, dividing them into four fairly distinct 

(1) The first of these types is that observed after ordinary 
acute malarial fever, and differs from the usual secondary 

• The Blooil as a. Tissae, 8vo, St. Petersburg, 1890. 

f Virchow's Archiv, Bd. cxx, P. lii, B. vii, 187. 

t Johns Hopkins Hospital Bepn^l^ iv, 83. " Op. eil. 

I Centr. t. allg. Pntb. u. path. Auul., 1804, v, 423. 
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ftntemiAfi only iii the beliavior of the lencocjtee. There is a 
more or less well-marked diminution in the red corpuBeles, a 
moderate degree of leucocytosis, and the presence of nacle- 
ated red eorpuBcleBj according to the degree of anaemia. The 
hsemoglohin is nsnallj diminished to a somewhat greater ex- 
tent than the corpuscles. The leucoeytcs, however, instead of 
being sliglitly increased, aa is the case in most secondary an[B- 
raias, are usually somewhat diminished in number, and often 
show ehariicteristic changes in the relative proportion of the 
different varieties — namely, a diminution in the polymorpho- 
nuclear elements, with a corresponding increase in the large 
mononuclear forma. The prognosis in these instances is fa- 
vorable. 

(2) In another class of cases the ancemia may be progrea- 
Bive and fatal, while the blood shows those changes character- 
istic of pernicious anfemia-— a great diminution in the red cor- 
puscles, marked poikiloeytosis, the frequent presence of very 
large red elementit, and a diminution in htemoglobin relatively 
less than that of the corpuscles. Nucleated rod cells, when 
present, are in great part gigan to blasts. The leucocytes, 
diminished in number, may ahow an mcroase in the small 
mononuclear forms. 

(3) There is another type of ease in which the course is 
also rapidly fatal. These cases show in the beginning the 
same general character is tics as in Class 1, excepting for the 
complete absence of any regenerative forms (nucleated red 
corpuscles). This form of pemieions anieniia, due to the 
complete absence of regenerative activity in the blood-form- 
ing organs, is exactly similar to the cases described first by 
Ehrlich,* occurring sometimes after severe hfemorrhage. I 

* Cb&rilf Annalen, xiii. Jahrg. 
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hare observed the same condition of the blood in two fatal 
instances of parpara hajmorrhagica. 

(4) There may be grave chronic secondary anfemias, the 
main characteristiea of which are those of Class 1, excepting 
for the practical absence of nucleated red corpuscles and the 
marked redaction in the number of the leucocytes. These 
ca^es are particularly common in chronic malarial cachexia, 
and are doubtless due, in part at least, to the grave eecondary 
degenerative changes which occur in the Wood-forming oi^ns 
after repeated or long-continued malarial infections. 

There are, it should he said, some post-malarial anaBmias, 
usually after Bhort-lived infections, where recovery is very 
rapid and a lencocytosis similar to that seen in most other 
acute eecondary anfemias occurs. 

Chronic Malarial Cac/iexia. — When one considers the 
grave aiiffimiaa which of necessity follow frequently repeated 
attacks of malaria, and when one further remembers the 
marked changes which take place in the various internal or- 
gans, it is easy to imagine that repeated or long-continued 
attacks might lead to grave general consequences, and such, 
indeed, is the case. In severely malarious districts cases of 
profound cachexia may occur due to freipently repeated or 
chronic infections. These usually follow unperfectly treated 
malaria. The patient very often takes with each paroxysm a 
single large dose of quinine, or only a few, and then, feeling 
quite well, abandons treatment until again, after a certain 
length of time, the symptoms are renewed. 

In the course of time grave general results follow. There 
is marked antemia ; the skin assumes a sallow, grayish-yellow 
color ; there are frequent severe headaches or facial neuralgia ; 
there is marked dyspncea on exertion, with cedema of the de- 
pendent parts. The tendency toward oedema and transuda- 
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tions is ratlier characteristic of tlieee inetances of clironio 
malaria. (iaBtro-inteatina! symptoms are frequent — nausea, i 
vomiting, and jjersistent and annoying diarriicea. 

There are often frequently recurring sliglit febrile attacke, 
and commonly a regular evening exacerbation of temperature, 
rising aa high as from 10U° to 102°. 

On physical examination, the pallor, and more particularly 
the splenic enlargement, which may here reach an excessive 
degree, are the chief symptome of note. The liver is often 
somewhat enlarged. The patient may be reduced to a most 
distressing condition, where he is a prey to any secondary in- 
fection. 

Chronic malarial cachexia ia more frequently dne to the 
presence of the ^stivo-autumnal parasites. Here the symp- 
toms are more irregular and not quite so amenable to treat- 
ment, while not infrequently mild continued astivo-autumnal 
infections may for some weeks present no marked febrile re- 
action, or only abortive and irregular paroxysms. 

In young children and infants chronic malarial cachexia is 
particularly common. This is probably due to the fact that 
the ordinary symptoms of the paroxysm are so frequently 
missed that the true nature of the case is often misunderstood 
and proper treatment is not carried out. The picture pre- 
sented by such a child is very striking. There is often ex- 
treme emaciation and great pallor; the patient may present 
the most marked degree of infantile atrophy. The eyes are 
sunken; the face drawn; the yellow, parebment-like skin 
hangs in folds about the extremities ; the voice is weak and 
husky, and the child altogether presents a most pitiful ap- 
pearance. 

There may be mild febrile attacks with nausea and vomit- 
ing, and possibly an occasional slight convulsion. (Castro- 
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intestisal symptomB are particularly comm()n ; vomiting e 
diarrhasa. The spleen is almost invariably enlarged, while 
a well-marked increase in the size of the liver is to be 
made out. 

The adult patient rarely dies of chronic malarial cachexia 
itself, though at times, after a long-continued infection, per- 
nicious symptoms may develop. Ordinarily, the fatal results 
of chronic malaria! ca<;hexia are indirect, depending upon sec- 
ondary intercurrent affections. 

The condition of the hl-ood varies according to the nature 
of the case. If the cachexia be due to a continued uncured 
tertian or quartan infection, we may by careful search find 
an occaeional characteristic parasite. Often, though, between 
febrile attacks it may be impoBsihle, on ordinary examinations, 
to discover any organisms. Not infrequently occasional pig- 
ment-bearing leucocytes may be found ; these arc fairly char- 
acteristic when one is once familiar with the appearance of 
malarial pigment. If the infection be with the Bestivo-autum- 
nal parasite, crescentic and ovoid forms are frequently met 
with. 

If the treatment with quinine has been well instituted, we 
may scarcely expect to find more than an occasional pig- 
mented leucocyte, or if the case be of Eestivo-uutumnal infec- 
tion, a few ovoid and crescentic bodies. 

Malarwl Nephi'itw. — As is the case with most other acute 
infectious diseases, malarial fever is not infrequently accom- 
panied by albuminuria. In the cases classified by llewetson 
and the author, albuminuria was present in 133 instances oat 
of 335 cases. Our subsequent observations, however, would 
lead UB to believe that it is really much more frequent than 
was indicated here ; it was noted in over fifty per cent of the 
last 30U cases treated in the Johns Ilopkins Uospital. 
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In a like manner, just as with other infectious processes 
associated with the presence of circulating toxic suhstanees, 
malaria may be accompanied or followed hj a more or less 
severe nephritis. The most severe nephritides occurring with 
malaria are those associated with hiemoglohinuria. Here, as 
has l>een stated, the nephritis may be rapidly fatal. In a con- 
eiderable number of instances, however, milder malarial attacks 
may be followed by more or less serious renal disturbances. 
The course of these cases of post-malarial nephritis is usually 
favorable, provided that treatment by quinine is early insti- 
tuted. 

In other instances, however, one of which we have re- 
cently observed, malaria] fever may apparently be the starting 
point of a grave chronic nephritis. 

The symptoms are usiially those of an ordinary acute or 
subacute nephritis, coming on with headaches, gaetro-intesti- 
nal disturbances, and general fedema. In one instance of 
grave renal disturbance, for which no origin other than the 
malaria could be discovered, the symptoms were those of a 
chronic diffuse nephritis. 

The urine is at first usually diminished in quantity ; the 
specific gravity is not especially altered. It is often reddish 
or smoky in color, containing a considerable quantity of 
blood. Sometimes, however, blood may be absent. 

The sediment shows, generally, numerous tulie caste, hya- 
line, granular, and often blood casts, together with degenerated 
epithelial cells. 

Arnyfiiid Deffeneration. — Frcrichs and Marchiafava and 
Bignami have described cases of amyloid degeneration follow- 
ing malarial infection. These cases were for the most part 
associated with the syraptoma of chronic malarial cachexia, 
presenting in the end the eridences of a grave chronic nephri- 
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tie. Such iDEtances are verj uacomiiion, excepting Iq tlie 
graver malarioiis districtB. Tlie cases studied bj Marehiafava 
aiid Bignaini fiilloweii a long series of febrile paroxysms in 
EBstivo-antiunnal or obstinate quartan infections. 

Tbe Mood in some of these cases shows the condition first 
noted by Ehrlich to be of grave portent — i. e., a severe 
antemia with a complete absence of nucleated red corpuscles ; 
a reduction in the number of leucocytes with an excess of 
lymphocytes ; an absence of eosinophilic cells. The marrow 
of the long bones is found to show no evidences of an attempt 
at blood regeneration. 

Atrophy of the Gaatro-vntestinal Mucoii* Membrane. — 
Pensuti * reports a case of atrophy of the gastro-intestinal 
mucosa which Baccelli agrees with him in ascribing to malaria. 
The possibility of such a result following the gastro-intestinal 
localization of the parasites would certainly seem nut very 
unnatural. This is, however, so far as I know, the only in- 
stance reported. In this case the acute malarial attack was 
followed by obstinate diarrbcea. The patient became much 
debilitated, and died after three months of a broncho-pnen- 
monia. 

Malarial- ITcpatitis — Malaria and Cirrhotic Processes.^- 
Many observers believe that malarial fever plays an important 
part in the etiology of cirrhosis of the liver. There is, how- 
ever, little evidence in favor of this view, at least in so far as 
it relates to the ordinary atrophic cirrhosis. Most of the cases 
of so-called malarial cirrhosis occur in individuals who have 
been subjected to one or more of the other conditions which 
are recognized as common causes of tliia change. 

Distinct changes in the liver associated with enlargement 
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of the organ and an increase in the amount of connective tis- 
BUe— a chronic hepatitis — do nnqueationahly follow repeated 
malarial infections ; this condition lias been well described by 
Bignami. There are, however, no distinctive clinical eymp- 
toms. This subject will be further diecuaaed in the lecture on 
patliological anatomy. 

Malarial' Paralyses. — That varions transitory paralyses 
may occur during pernicious paroxysms has been stated in 
a previous lecture. The paralyses occurring during acute 
malarial infections are usually cortical in nature and clear up 
rapidly under treatment with quinine. They are due prob- 
ably, for the moat pai-t, to circulatory disturbances induced 
mechanically by the parasites. The nervous symptoms in 
acute malaria are more commonly irritative than paralytic. 

It is readily conceivable that under certain circumstances 
a malarial paroxysm might he the exciting cause of the rup- 
ture of a cerebral vessel or the dislodgment of a fragment of 
a thrombus in an individual with cardiac or arterial disease. 

Such an instance has come under my observation. The 
patient, a colored man fifty-three years of age, with some- 
what thickened arteries, became suddenly unconscious during 
a paroxysm of tertian fever, developing a right-sided hemi- 
plegia with aphasia. He was brought into the hospital un- 
conscious, and the malarial infection was not suspected until 
the following paroxysm. The infection yielded immediately 
to quinine, but the hemiplegia, though showing a marked im- 
provement, had not wholly cleared up at the time of the dis- 
charge of the patient. In this instance the malarial fever 
was protjably only the remote cause of the hemiplegia. 

A certain number of cases has Ijeen reported where, in 
association with a malarial infection, symptoms have occurred 
which were suggestive of disseminated sclerosis ; with the 
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disappearance of the parasite under (pinine recovery has fol- 
lowed. 

Torti* reported a case of thia nature which pursued an 
entirely afebrile course ; the nervous manifestations were tlie 
only symptoms of the infection. 

Da Costa f has described an interesting ease of paraplegia 
with intention tremor, severe headaciies, Iji-temporal hemia- 
nopsia, and mental symptoms where the blood showed lestivo- 
autumnal parasites. Recovery followed the administration of 
qninine. Kahler and Pick's :f cases of "acute ataxia" were 
probably of malarial origin. 

Gaetianelli and Bignami * report a case showing the symp- 
toms of the so-called " electric chorea" or " Dubini's disease," 
eesoeiated with an lestivo-autumual infection. They ascribe 
the symptoms to " lesions secondary to the cerebral localiza- 
tion of the parasites." 

Moat of these processes are essentially favorable in their 
course if the treatment be begun early. According to Boinet 
and Salebert, J however, permanent paralysis may follow ma- 
larial infectiona. 

A few instances oi peripheral neuritis have been reported 
after what was thought to be malarial fever. In none of 
these cases has the parasite been found, so that definite proof 
of the malarial origin is wanting. From what we know, how- 
ever, of the genera! pathology of malaria, it is but natural to 
suppose that such cases may occur. Jourdan* has recently 
reported an interesting caae of multiple neuritis following 



• Bull. d. Soc. Lrnic. d, osp. d. Roma, 18«I. li, 217. 
+ Intemat. CHnics, Philndflphia. 1801. iii. 346. 

% Beitra^ z. Path, u, path, AniU. dei CentralnerTen systems. Leipzig. 1879, 

• Op. cit. I Rev. de tndd^'par., 18»y, is, a33. 
^ Gaz. dcs hopltflui, 1806, (iOS. 
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what was in all probability malarial fever; 110 mention is, 
liowever, made of the preseTice of the parasite. 

/^iti/namfs diseiMU has been thoaght by some to be rela- 
tively common in malarial fever. No sach inetaiiee has ever 
come under our observation. 

Poncet described a retinitis and retino-choroiditie due to 
emboli of melauiferous leucocytes. 

Menial Diseases. — Just as in the ease of any other severe 
acute infection, malarial fever may be followed by psychoses, 
mania, melancholia, delusional insanity. 

One of our cases of tertian fever was followed by an 
attack of delusioual insanity of several months' duration. 

Other Pmt-malarial Phenomena — Poat-malarial Auto- 
intoxications if). — Marchiafava and Celli,* in 1887, reported a 
fatal case of malarial fover where tbo coma lasted four days, 
the nmuberof parasites in the circulation progressively dimin- 
ishing. This fatal outcome despite the disappearance of the 
parasites is not, they say, remarkable when one reflects •' that 
the same occnrs with the agents of other infectious diseases 
(for example, the typhoid bacillus). In thes^ eases we must 
take into consideration the consecutive toxic products and the 
chemical and anatomical changes in the organs — for instance, 
in the case alwve cited, the numerous punctiform htemor- 
rlmges," 

Kelschjt in 1870, noted that an increase in the severity 
of an aniemia might take place after all other signs of the in- 
fection had disappeared; while Diomsi,^ in lSi)0, showed that 
this progressive aggravation of the anaemia might continue 
for eight or ten days after the parasites had disappeared from 
the circulation. 
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In 1890 Baetianelli and Bignami * reported a case of rap- 
idly developing fatal ani^mia pursuing a lethal course despite 
the diminution of the parasites under quinioe. 

The same obaervera, in 1892,t report cases ehowing that, 
on the one hand, malarial hiemoglobinuria beginning during a 
paroxjera may continue after the organisms have disappeared 
from the circulation, while on the other hand the process may 
develop after all evidences of the infection have disappeared — 
a true post-malarial liEemoglobinnria. These conditions they 
believe to be due to " alterations of the blood, seeondaiy to 
the recently preceding acute infection, and continuing after 
the disappearance of the parasites." Concerning the nature 
of these alterations, whether they depend upon the jtersistence 
of the intoxication or upon some other cause, tbey abstain 
from speculating. A similar ease of post-malarial htemoglobi- 
nuria is reported by Grawitz,:j: while Bastianelli * has recently 
again called attention to the importance of those cases. 

A remarkable poat-malarial phenomenon came under onr 
observation during the spring of this year. Several cases of 
BBstivo-autnmnal fever were a<lraitted to the Johns Hopkins 
Hospital during the month of April — an unusual occurrence 
in this climate. All the patients were seamen from one 
steamer ; they Iiad contracted the disease in Central America. 
After nine days' treatment in the hospital they were <Jis- 
cbai^d, apparently well. 

One of these patients, who had had paroxysms off and on 
for nearly two moTiths before entri-, returned to the hospital a 
second time eleven days later. He had been living at a sailors' 
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boarding house during the interim, and ha<i appeared to be 
quite well. Tlie day before entry be bad complained of a head- 
ache on going to bed. During the night he conversed with 
his roommate on Beveral oecaeions. In the morning, how- 
ever, be was found unconecious, with stertorouB breathing and 
high fever ; he was brought to the hospital in tlie afternoon. 
On entrance he was comatose, breathing etertorouely. The 
pupils were equal, of medium size ; there was no apparent 
paralysis ; physical examination otherwise negative. 

The peripheral hlood showed no malarial parasites ; there 
wae a IcucocytoaiB of 24,000. On puncture of the spleen an 
occasional ovoid and crescentic sestivo-autumnal organism wae 
•found on careful search. Considerable pigment was noted in 
the white elements — large bloclsa and clumps. No forms 
whatever of the active cycle of the parasite were found. 

The vrine was very high-colored; specific gravity, 1030; 
acid; no sugar; trace of albumen; sediment considerable: 
hyaline and finely granular casts ; mucous c.ylindroids ; diazo 
reaction not present. 

The temperature ranged between 104° and 106° F. Despite 
cold baths, stimulation, and quinine liypodennically, the patient 
remained comatose, and died twenty hours after admission. 

The autopsy showed the evidences of a recent malarial in- 
fection. There were most extensive areas of necrosis in the 
liver, some visible to the naked eye, one or two nearly half aa 
large as the hea<l of a pin. These areas dated proliably from 
the preceding malarial infcctionj^ The brain, beyond a rather 
marked injection of the vessels, showed nothing abnormal. 
Beyond an occasional crescentic parasite in the spleen, no 
malarial organisms wore found. Cultures from ail the organs 
were negative. Microscopical examination of the organs by 
Prof. Flexner showed extensive necroses in the liver and 
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Bpleen, and every evidence of the existence of an intense 
toxfemia. The case will be reported in full later. 

The weather at tliis time was very hot, and the suggestion 
was made tljat the case might 1)6 one of thermic fever. There 
are, indeed, facts which miglit lead us to believe that indi- 
viduals suffering from malarial fever or having recently re- 
covered from an infection are unusually sensitive to high 
temperatures. The manner of the onset which occurred dur- 
ing the relatively cool night would speak against this idea in 
the present case. 

It is not impossible that these post-malarial phenomena 
may be due to different causes. In some instances, such as 
Marchiafava and Celli's case of long-continued coma, the ■ 
aymptoms may depend upon the persietenca of the toxsmia 
or on the actual anatomical changes — capillary thromboses — 
punctiforra hfemorrhoges. 

In other cases — for example, post-malarial hiemoglobi- 
nuria or instances such as the above-described case — one ia 
tempted to suspect that the anatomical and chemical changes 
in the economy produced by severe or repeated infections 
may be so extensive as to leave the organism in, as it were, 
a state of extremely anstahle equilibrium where slight insults 
(exposure to heat !) may produce the gravest effects, resalt- 
ing possibly, in some instances, in fatal perversions of the 
normal body metabolism. 

May it be, perhaps, that some of these inexplicable phe- 
nomena occurring in the subjects of recent malarial infec- 
tions are to be classed as true post-malarial auio-intoscica- 
Uonaf 

COMPLICATIONS. 

Mixed Infections. — There are but few branches of the 
literature of malaria where more confusioQ exbts than that 
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which has to do with the complications. Like any other 
acute infectious disease, malaria may be associated with a 
variety of other pathological processes, and, within certain 
limits, each of the coexisting affections may be more or less 
modified by the presence of the other. The term malaria 
has been, however, very loosely used, and the medical pub- 
lic even to-day speaks of "malarial pneumonia," "malarial 
dysentery," "malarial orchitis," and " typho-malarial fever" 
as processes almost specific in nature, showing a characteristic 
complex of symptoms due in many instances to a malarial 
infection alone. 

In an earlier lecture I have spoken of the fre<piency with 
which acute intestinal symptoms may be nesociatcd with cer- 
tain malignant malarial infections. The fact, likewise, that 
pernicious fever may at times assume a form su^esting, by 
its symptoms, acute pneumonia has also been mentioned. It 
has furthennore been noted how similar many cases of irregu- 
lar EBstivo-autumnal fever may he m their general symptoms 
to typhoid. 

The choleraic fonn of malaria, however, has nothing to do 
with Asiatic cholera; the pneumonic form of pernicious 
fever is in no way associated with pneumonia ; and the con- 
tinued fever in teativo-autumnal infections has no connection 
with typhoid. Infection with the malarial parasite can not of 
itself pro<luee pneumonia, or typhoid fever, or Asiatic cholera. 
There is nothing more specific or characteristic alwut a pneu- 
monia complicating a case of malarial fever than there is in a 
pneumonia associated with typhoid fever, nor in the cases of 
typhoid fever in an indiridual suffering from a malarial in- 
fection than in a case of typhoid occurring, perhaps, in a 
patient suffering from pulmonary tulierculosJB. Tlie terms 
" malarial pneumonia," " typho-malarial fever," " malarial dys- 
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entery," etc., are raisleading and incorrect, and the sooner they 
are abandoned the better, 

Pulmiynary QnnpUcations — Pneumonia. — Malarial fever 
18 not infrequently complicated by acute pneumonia, a& is the 
case with any severe acute infeetious disease. There is noth- 
ing unnsual in the course of such a procese. The pneumonia 
is always produced by the specific micro-organism — the ])nen- 
raococcus * — whether it be associated with malarial fever or 
not. The high temperature of the pneumonia may or may 
not mask the malarial paroxysm. The course of the comph- 
cating pneumonia ie the same as under other conditions, 
excepting that it is frequently severer on account of the re- 
duced condition of the patient. The malarial fever pursues 
its usual course, yielding as it always does to qninine, which 
naturally has no effect whatever upon the pneumonia. A 
CISC of this nature Ilewetson and the author have already 
published. 

These instances of pneumonia complicating malarial fever 
most not be confused with the occasional cases of pneumonia 
with intermittent febrile manifestations. Such cases have 
been described by a number of observers. They are quite dis- 
tinct from malarial fever, with which they have no connection. 

PUiirisy. — Pleurisy may occur in individuals affected 
with malarial fever, A good instance of this nature has been 
recently reported by Geppener.f There is nothing particu- 
larly characteristic in the course of such a process. The ad- 
ministration of quinine is followed by the disflpi>ea ranee of the 
malarial infection, while the pleurisy is unaffected. 

Typhoid Fever. — Malarial fever is occasionally compli- 
cated with typhoid fever. A patient with a chronic or rela- 

* Perhaps rare)}' the Priedkender diplo- bacillus. f Op. exl. 
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tively latent malarial infection may develop typlioid fever, or 
at some time during the course of the convaleaceuoe from 
typhoid fever a relapse from a preceding malarial attack may 
occur ; in some instances pcrliaps the two infections may 
be coincident in time. A fresh malarial infection during 
typhoid is probahl j rare. 

It is nnnaual for \Fell-marked Bym])tomB of tlie two diB- 
eaees to lie present at the same time. More commonly the 
malarial paroxysms appear during convalescence from typhoid 
fever. Even these instances, however, are not common. Gil- 
man Thompson* has recently published some interesting 
charts showing the actual complication of the two difieases 
during the height of the process. Here the malarial parox- 
ysms were well made out against a background of the con- 
tinued fever of typhoid. These cases, however, are very 
unusual. Under quinine the malarial parasites and the symp- 
toms due to them quickly disappear. 

It is very important to recognize the fact that intermittent 
fever with chills is not an infrequent symptom in typhoid 
fever, particularly during defervescence and convalescence. 
These intermittent chills, however, in the great majority of 
cases have no connection whatever with malarial fever. They 
are due to secondary infections or to auto-intoiications of a 
nature as yet unknown. 

It may he well here to say a few words about the term so 
commonly employed in medical Utemtmro—t^jt/io-mtiiarial 
fever. It has been supposed in past years that there existed 
a process due in some way or other to a combination of the 
typhoid and malarial poisons, which manifested itself by a 
continued fever witli marked remissions ; this fever was sup- 
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posed to be extremely resistant to quinine. With our modem 
methods of diagnosis, and the recent advances in our knowl- 
edge of the intimate natare of both typhoid and malarial 
fevers, we now know that no such condition exists. More- 
over, it is, I think, safe to say that the great majority of 
these instances are nothing more nor less than simple typhoid 
fever. 

It is important that the profession should recognize this 
fact — important from a very practical point of view. The 
mere use of the term " t j'pho-malarial fever" haa indicated 
to many the advisability of the administration of quinine, and 
not infrequently this drug is used for days and for weeks in 
cases of uncomplicated tj-jihoid fever in doses which can not 
but be injurious to the patient. This is a matter of really 
grave importaTice. It is one of the positions in which the 
physician actually has done and does do to-day really serious 
harm to his patient. There is no excuse for cinchonizing 
an individual with continued fever who after tliree or four 
days shows no change in the symptoms, while the blood ia 
free from malarial parasites. There is no such disease as 
typho-malarial fever in the ordinary sense in which the term 
is used. The term, as has been said before, is incorrect and 
misleading and should be abandoned. 

Intestinal Complication ». — Malarial fever may be compli- 
cated or followed by grave intestinal disturbances. Acute 
dysenteric symptoms may, as has been previously mentioned, 
be one of the important manifestations of severe malarial 
infection, and it is easy to understand how, in connection with 
the changes which must of necestdty accompany euch a pro- 
cess, grave secondary infections might occur ; and such infec- 
tions do occur. Their course is not different from that of any 
other ordinary acute dysentery. 
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SometimeB the pathogenic agent of tlie complicating pro- 
cess luaj l.>e readily demonstrable, in the presence in the fcecea 
of the amifibtt eoli. These eases, of whicli we have observed 
six at the Johns Hopkins Iloepital, are particularly interesting 
not only aa affording examples of coincident infection with 
two different fomis of protozoa, but in that they surest the 
possibility that the amtebie ulcers may in some cases form a 
port of entry for the malarial parasite. 

In none of these cases where there is a true mixed infec- 
tion does the ingestion of qninine by the mouth affect the 
complicating process, excepting in so far as by removing 
the malarial infection the general condition of the patient is 



Taierculonis. — There has been widespread belief that 
tuberculosis and malarial fever are antagonistic one to the 
other, and that a complication of the two processes ia impos- 
sible or most nnusnal. Boudin,* who upheld this view with 
vigor, asserted that tuberculosis is rare in countries where 
malarial fever is common, and the converse. This is by no 
means the fact. It is tnie that, as a general rule, tuberculo- 
sis is more common In northern countries where malarial 
fever is unusual. There are, however, many regions where 
tuberculosis and malarial fever are both, alas, only too com- 
mon — such, for example, is the eastern coast of the United 
States. Cases where tuberculosis and malarial fuvor exist 
together in the same patient, while not common, do occur, 
and occasionally give rise to confusion in diagnosis. Gep- 
pener f has recently reported a good observation of tliis nature. 

M&rchiafBva,:^ who has looked into this question carefully, 

« Traill des fl^vres IntermittentM, Svo. IMS, 60. 
I MeUitsinsk. Pribnv. k. Horsk. Sboniik.. 1806. i, 07. 
t Bull. d. toe Unc. d. nap. d. Rom., u, 18DI, 166. 
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Bpeaks emphatically against ttie idea of tlie incompatibility of 
the two difieases. lie asserts, indeed, that chronic or fre- 
qaently repeated malarial attaeke with caciiexia are important 
predisposing caases of tuberculosis. 

Orchitis. — There is a fairly widespread belief in certain 
regions in the occurrence of orchitis and epididymitis of ma- 
larial origin. There is, however, ahsolutely no pathological 
proof of this supposition. Some instances of so-called " mala- 
rial orchitis " are suppurative (!). On looking through a num- 
ber of cases in the literature one is etruck by the fact that 
the notes witli regard to a previously or concurrently existing 
gonorrhosa are genemliy insufficieut, while often the existence 
of the malaria itself is not proven. We know that the mala- 
rial parasite is not of itself a pus producer, and in those 
instances where suppnration occurs there must at least be a 
mixed infection. 

There is, of course, no reason theoretically why, in some 
instances, a special localization of tlie parasite should not 
occur in this region. In nearly two thousand cases, however, 
observed in the last six years the author has not seen a single 
instance of malarial orchitis, and in the entire absence of any 
proof that those cases already reported are really malarial in 
nature, it seems quite reasonable to believe that this condi- 
tion, like malarial pneumonia and other supposed malarial 
complications, is usually a mixed infection. 

I'oet-partum and Post-operaiice Mitlurlal Feivr. — Under 
the heading of the complications of malarial fever we may 
perhaps speak of those cases which occur during the puerpe- 
rium or shortly after surgical operations. It is generally be- 
lieved that the occuiTeiice of malarial fever under these cir- 
cumstances is not rare — hence the special terms post-open- 
tive and poet-partum malaria, so frec^aently employed. It is 
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a matter of common observation tliat individnale who have 
recently suffered from malarial fever are not infrequently 
subjetit to fresh outbreaks of the infection whenever their 
surroundings are such as to depresa the vital forces. Such 
conditions arc present during the puerperium and after severe 
operations. It is thus not unnatural that occasional outbreaks 
of malaria should occur under these circumstances. These 
maiiifestations may be quite alarming. 

I have observed recently an interesting example. A man 
had been subjected to a severe surgical operation, the greater 
part of the tongno having been removed for carcinoma; 
tracheotomy had been performed. For several days the pa- 
tient did fairly well, having a moderate irregular fever, but a 
good pulse. Suddenly, on the evening of the fifth day after 
operation, he had a violent chill. When seen, the patient was 
cyanotic ; the face was pinched ; tlie Iiands and extremities 
cold and blue ; the respiration rapid and convulsive ; the pulse 
small and uncountable at tlie wrist, above 175 ; the tempera- 
ture 105-8°. Examination of the blood showed the presence 
of Bsstivo-autumnal parasites; small araceboid hyaline bodies 
and glistening rings. One gramme {gr. xv) of muriate of qui- 
nine and urea was given hyi>odermically, and immediately fol- 
lowed by an intravenous injection of 0'5 (gr. vijsa) of bimu- 
riate of quinine (BacceUi's method). Six hours later muriate 
of quinine and urea, !■ (gr. xv), was repeated hypodermically, 
and thereafter administered in doses of 0'3iJ5 (gr. v) by mouth 
every four lionrs. The recovery was uninterrupted. On 
questioning tlie patient, it was found that he had had malarial 
fever within a month. My colleague, Russell,* Ims recently 
reported several interesting cases of this nature. 

• Bull, of the Johns Hopkins Uosp., 1896. vii, 304. 
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yrjr*si ZTj tit sxKi tj lit •ikiK'rerT rf ae piradie, and a 
yi?v'"'ipy vf -iidiEr* Trii?i ■tat Tc^:<«i^»:T sjkifirifcL uttT lie found 
is lilt ^j€s5a? ^rf y"cfit!r t PfcSimia.t.* 

It ^'•'SLxi lie sfcii, L-r'T^ever, tzic die ierm« ^post-opera- 
tire *" fcui - p:»si-iiiLrr::ii. "^afciR^ "" k^ aic?i:-aa2T nikased. Bat 
a STikU j«rc«pc«rs>>i: ■: f tlje 5fiae^ reterr^i v- bj iLeee tide^ are^ 
in fc!l prc»lii}»ilrrT. rr:::T rsil^riiL! En zikm:^ The iiiaj<«itr are 
izLftiUi.-e& of 9<fj«:5^ 5iifc^->n- ^erx few c:iis«s of pcct-operatiTC 
miilsiriiL ferer Lire Tie*-!: -Xijervei is Tire ssirgieal department 
of tLe Johns Hoj»kin? H-rt^j'Sial"^ Tije a}:*i2fe of the tenn 
i£ even more fre*|Taeii: in paerj^ri! c:&5€< than after the 
oriinarr eTii^ri<aI •I'jieratioii-^ tai ii w-i-nld be well if the 
uieiio&l paUic re^y-gnizei more cltArlT that intermittent 
pvrexia with rlg^.ii^ maj depend up>n manv other causes than 
malarial infection. 

Par^4iti^. — Parr»titi* mav owar in asv^x'iation with mala- 
ml fever, a.- indeed it mav with anv severe and long-<?ontin- 
ucr-l febrile jirx-e^. It is in no wav speiific in its course. 
The immediate eau-^^ f*i its Mriirin is pnil»aMy the siime as in 
the i^rotitL? ^X'cnrring in tvpLoid fever — namely, the entrance 
of j/dthogenic o^gani^^l^ from a f«:»ul ni«-*ntli t}m:»ngh Steno's 
du^-t. The onlv instance which t!ie author has ol^served oc- 
t:\xmA in a ^rar^c of severe continiioiis le^tivo-autumnal fever. 

Oth^r M'tJ'^d Infertion*. — Xumerrnis other mixed infec- 
tions may Of'^'ur. Various observers rej>t»rt the complication 
of malaria with the eirnriil&in'iti. Tlii> r'»mplication certainly 
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♦ I? rri.'iy U* •-.•ti'l that th^- r-arefu! ob"i« rv.-iti'-n of ca>f*5 before operation 
ha- pvi-;iJi-'l th^- '•xi-f'rri'-'- ''f a malarial infect ion in a nninlxT of instances 
wh'fc, if ih<; o|i»-ratiiin ha<l l^-vii ininn'".liatt.-Iy perfurmeii, the case would 
hav«; l^*!! rla-VMl a- on*.- of iK^st-<.i{H.Tativu malaria. 
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may occasionally exist, tliough most of the cases reported are 
Tin proven. 

General fvruncuiosis, tonsiUiUs, and acute rheumatism 
have been observed. In one of our cases studied by Barker 
there was a general infection with the Streptococcus pyogenes. 

IvsoUition. — III a recent publication Bastianelli and Big- 
nami * call attention to the fact that in Italy a considerable 
number of cases of what doubtless is simple insolation are 
generally regarded as pernicious comatose forms of malaria. 
Several of their cases occurred in individuals who were either 
the subjects of a mild malarial infection or else showed signs 
of a recent attack, 

Kelschf has shown that insolation may occur in individ- 
uals sufEering from malarial fever, and has drawn attention to 
the fact that owing to the great similarity between the symp- 
toms of comatose pernicious fever and ordinary insolation the 
diagnosis may at times bo extremely difficult, lie further 
EUggests that an existing or recently passed malarial infection 
may, by depressing the vital forces of the individual, render 
him more susceptible to the influence of heat, just ae is the 
case in subjects of alcoholism, pneumonia, or any other ex- 
hausting process. 

Our own observations would lead ua to believe that this 
hypothesis of Kelsch is just. During a recent hot spell I 
have had occasion \a observe four or five instances of prostra- 
tion in i»atients suffering from relatively mild malarial infec- 
tions — infections which, judging from the ordinary criteria (the 
number of parasites in the periplieral circulation and in the 
spleen), would scarcely have been expected to show such grave 
eymptoniB. 
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It is a well-recognized fact that in severe malarial infec- 
tions comatose paroxysms are especially likely to follow ex- 
posure to the sun. It may be that in some manner this ex- 
posure may tend to determine the cerebral accumulation of the 
parasites, so that grave symptoms may result even in infec- 
tions with a moderate number of the organisms. On the 
whole, however, it appeal's more likely that a pre-existing or 
present malarial infection renders the organism unusuaUy sus- 
ceptible to those grave changes — auto-intoxication (?) — which 
may follow exposure to the rays of the sun or to unusually 
high temperatures. 




LECTURE Vn. 

MOBBID ANATOMT. 

Anatomieal changes occurring: in acute malarial intectEons— Anatomical 
ohfinges following repeated or chronic iufectious — Cirrhotic proceasw < 
and nnilnri It— Malarial pigment 

The favorable couree pursued Iiy the regularly inter- 
mittent fovera renders tlie study of the pathological anatomy 
of Buch cases extremely difficult, and our knowledge of the 
anatomical changes produced by malarial infections is based 
almost entirely upon the study of si)ecimena derived from 
two sources : First, from the organs of cases of acute per- 
nicious malaria ; and, secondly, from individuals who, Iiaving 
enffered from repeated or chronic infections, have finally died 
from some other cause. 

A number of valuable studies of tlie pathological anatomy 
of malarial fever have been made during recent years, espe- 
cially by Lavemn, * Councilman and Abbott, f Guarnieri, J 
Bignami, * Bock, || Barker, ^ Monti, ^ and Bastianelli. J 
Much of what I shall say will be taken almost directly from 
the comprehensive publications of Bignami. 

We shall take up the description of the anatomical 
changes produced by the malarial infections under two main 
headings : 

• Op. eil. t Op. cit. 

t Atti. il. R. Bcc. mod. d. Roma. ». ii, vol. iii, 247. " Op. eil. 

I Am. Joum. Mod. Sri., April, 1804. * Op. cit. 

( Bull. d. Soc. med. cbii. d. Pai'ia. 1800. % Op. cit. 
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1, Anatomical changes occurring in acute malarial in- 
fections. 

2. Anatomical changes following repeated or chronic 
infections. 

1. The Anatomical Changes following Aodte Kalakial 
Infections. 

The lesions in acute pernicious malarial fever difier very 
markedly according to the distribution of the malarial para- 
Bites and the anatomical changes produced by them. This 
variation in the distribution of the organisms is an extremely 
oharacteristic point, and, as has been shown in the description 
of the parasite and of the clinical symptoms, it exerts a 
marked influence upon the outward manifestations of the 
disease. 

In a general way the point in the gross pathology of mala- 
rial fever which is most likely to impress the observer is the 
deep, s!aty-gray coloration which is shown by many of the 
internal organs. This pigmentation or melanosis, as it is 
called, results from the accumulation of the pigment pro- 
duced by the parasites from the htemoglobin of the red 
blood -corpuscles. Excepting in very acute infections the 
pigment is always present, though it may vary markedly 
in quantity. It is more evident in older infections. Its 
localization may vary considerahly, as in the case of the 



TIte Srain. — The most marked changes in the brain are 
QBually to he found in those cases which during life liave 
shown cerehral symptoms. This is jMirticuJarly the case in 
well-defined comatose pernicious fever. In some instances, 
however, of |»emiciou6 malaria the changes in the brain may 
be but slight There may be no melanosis, though often 
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tbere is a slight Bub-pial <E<lema with hyperieniia of tlie 
cerebral substance, and not infrequently punctate liaemor- 
rhagea. Generally the gray cortex shows a considerably 
deepened, somewhat chocolate color. This coloration may be 
exceBsive. The vessels are injected, and in nuinerous areaa 
punctate hffiinorrhages may be found. 

Here, under the microscope, the cerebral capillaries are 
crowded with parasites ; they may form a complete injection 
of the vessels. The organisms may be in all stages of de- 
velopment, though usually one of the phases is more con- 
spicuous. Sometimes wlien death occurs during the paroxysm 
actual thrombi of segmenting parasites may be seen. In 
other Ciises the organisms are not so numerous, though evi- 
dence of their previous existence is usually to be found in free 
clumps of pigment and swollen pigmented endothelial cells, as 
well as in leucocytes containing pigment and rod blood-cor- 
puscles. The endothelium of the vessels is often granular and 
fatty, and frequently contains pigment ; some endothelial cells 
may be greatly swollen, almost occluding tlie lumen of the ves- 
sel. These cells, as Golgi and Monti have pointed out, may 
contain apparently well-preserved parasites in various stages 
of development. The organisms may be young forms lying 
within shrunken and brassy colored-corpuscles, or, in other 
instances, full-grown and free bodies. 

Not infrequently, large macrophages nlmost occluding the 
lumen of the capillary are to be seen. These cells, as Monti 
asserts, may represent endothelial elements which have 
broken loose and are free in the blood current. It is not 
impossible that the punctate liasmorrhages so commonly ob- 
served are largely dependent upon changes such as the above 
described. 

Different parts of the central nervous system may be dif- 
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ferently affected. In a case etiidicd by Maivhiafava, * there 
was noted a special localization of the changes in the 
medulla ohiongata. During life the patient showed well- 
marked aymptoms of bulbar paralysis. 

In other instances there may be but few changes in the 
brain. The capillaries are almost free from parasites, while 
the endothelium is relatively intact. 

The changes ocenrriug in the nervons elements of the 
gray cortex have Ijeeu studied recently by Monti-f Wliile in 
some cases no marked changes were to be made out, in others 
Golgi's stain showed interesting pictures. TJieae changes 
were chiefly found in cases wliich showed during life grave 
nervous symptoms. They wore generally of a focal nature, 
and never affected all the elements in a given area. Usually, 
cells more or less profoundly altered were found among' 
other cells and fibres which were quite normal. 

The changes were chiefly in the protoplasmic prolonga- 
tions of the cortical nerve cells, which at times appeared thin 
an<i studded with fine nodes. Often the alterations were 
limited to the more delicate and distant branches, though it 
was not diflicult to find cells where all the dendrites pre- 
sented a beaded appearance exactly similar to that observed 
in the nerve cells of anunals dead of inanition. In other 
areas tlic alterations consisted of simple irregularities of con- 
tour in dendrites which were much thinned and arose from 
cells the bodies of which, while sometimes normal, were 
generally swollen, or, more rarely, were thin, shrunken, or 
atrophied. 

Coarser alterations were, however, to I>e found. Certain 
cells showed dendrites with coarse varicosities and very 
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mBrkerl coiiBtrictionB, appearing as if formed of protoplasmic 
maeses connected only by tbe finest ill am en ts. Similar 
changes have been described by Monti in the brains of 
animals in which artificial embolism was produced by in- 
jection of iycopodium. 

In most of Monti's caeca the axis cylinders were well pre- 
served, the principal lesion appearing to be the alterations of 
the protoplasmic prolongations. Sometimes, however, espe- 
cially in a case of severe comatose pemicioua fever, changes 
were made out as well in the axis cylinders which showed in 
many areas, both in the gray cortex as in the cerebellum, 
small nodes or, more rarely, larger swellings instead of the 
ordinary regular smooth appearance. In this instance the 
general alterations were more extensive than in the other 
cases, the dendrites being more generally afEected. Monti 
believes that those changes are due to the grave circulatory 
distil rbances, the occlusion of the capillaries, lesions of their 
walls, the stasis, and the htemorrhages produced by the ma- 
larial parasites. 

The Sjihen. — The spleen is always enlarged. In the early 
cases it may present the characteristics of an acute splenic 
tnmor, being soft and almost diffluent. It is commonly 
cyanotic and dark in color, and in older cases it is almost 
black. The enlargement may be so great that rupture with 
fatal hsemorrhage may result. 

Under the ipicroscojw the pulp is seen to be crowded with 
red corpuscles, many of which contain parasites which may be 
in various stages of development. Sometimes in the same 
organ different areas show different groups of parasites in 
different stages of development. This is particularly true in 
festivo-autumnal infections, in which most of the studies of 
the pathological anatomy of malaria bare been made. Usa- 
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ally large numhera of intra-corpuBcular parasites with cen- 
tral pigment clumps and bloeks and segmenting bodies are to 
be found, while free forms are relatively rare. 

The splenic pulp is crowded with phagoc^-tes, some of 
which are small and similar to mononuclear leucocytes, while 
others are extremely large, contaming a single large nucleus 
and occasionally a very coarse eosinophiloid grannlation. 
These cells, which may reach an enormous size, are laden 
with pigment, either in the shape of large blocks and clumps, 
or in small sjtherea or rodlots, or very tine granules. The 
granules may show the same arrange:nent which they previ- 
onsly had in the bo<.ly of the engulfed parafiit*. 

In other instances the pigment may be distributed in deli- 
cate lines throughout the protoplasm of the macrophage ; it 
often seema to vary in color in different parts of the cell, but, 
on focusing, this appearance is found to he due to differ- 
ences in the plane. These large cells also contain red eorpns- 
elea which are often partially or completely decolorized and 
contain parasites. Further, they may include entire small 
phagocytes with their contained pigment or cor|Miscles, as 
well as clumps of hajmoglohin of the color of old brass, and 
fragments of degenerated red blood elements. 

Golgi and Monti have called attention particularly to the 
frequency with which these macrophages contain apparently 
well-preserved parasites in different stages of develupment. 
They believe that the shrunken and brassy parasitiferous red 
corpuscles are seized by the macrophages, as would be any 
foreign body, while the included parasites continue their de- 
Tslopment within the cells. Not infrequently these large 
macrophages show evidences of necrosis. In some places 
there may be actual focal necroses of the pulp very sim 
ilar to those which may be seen in typhoid fever. 
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descriptions and drawings of these changes may bo found in 
the article of Barker,* 

Free malarial pigment may he found in the intercellular 
spaces in the pulp. Pigment-bearing polymorphonuclear cells 
are relatively rare. The small mononuclear elements and the 
lymphocytes of the follicles never contain pigment. The 
capillaries are usually filled with corpuscles containing para- 
sites, while on the other hand the g[)!enic veins show rela- 
tively few, though pigment- bearing phagocytes and frag- 
ments of red corpuscles arc always to be found. 

The Liver. — The liver is usually somewhat enlarged, and, 
if the infection haa lasted for any length of time, is always of 
a dark, slaty-gray color ; this color, depending upon the 
amount of pigment present, may he very striking. The dis- 
tribution of the pigment in acute malarial infection is differ- 
ent, as will be pointed out later, from that characteristic of 
repeated attacks. There is always a striking cloudy swelling. 

On microscopical exaTuiuation the capillaries are usually 
found to be crowded with white elements, many of which are 
phagocytic. Some of the largest macrophages are to be ob- 
served here. Undoubted evidence of phagocytosis on the part 
of the endothelial cells is usually to be noted. Numerous pig- 
ment-bearing cells may he found in the perivascular tissue im 
the portal spaces, while frequently the liver cells may contata 
clumps of pigment derived from the blood, and altered red 
blood -corpuscles. As a rule, the vessels contain few intra- 
corpuscular parasites. These are more nnmerous in the inter- 
lobular branches of the portal vein, while in the intra-lobular 
veins the macrophages are more commonly fomid. 

Not infreijuently diasominated areas of foeal necrosis of 

* Johns UopkioR Hospital Reports, vol. t, 181)5. 
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the liver elementa, with fragmentation of the nuclei, wander- 
ing ia of leacocytes, and sometimes with evidences of pro- 
liferation of the cells in the enrroimding tissue, may be foond. 
These focal necroses maj be so large aa to be readily visible 
bjf the naked eye. One can not but be impressed bj the 
fiimilaritj between these changes and those which have been 
already described in typhoid fever and other acute infectious 
diseases, and shown by Flexner * to be pathognomonic of cer- 
tain general intoxications. 

The occurrence of these foci in the liver was first de- 
scribed by Guamieri,t wlio believed them to be due to tlie 
cutting off of the nutrition by the extensive blocking of tlie 
intra-lobnlar capillaries with pigmont-bearing phagocytesi. 
Barker X has described and pictured capillary thromboses in 
association n'ith these areas. 

The Lungs. — On gross examination there is nothing in the 
InngB characteristic of acute malarial fever. The alveolar 
capillaries often show large nnmbers of phagocytes, which are, 
however, smaller than the largest macrophages nf the liver 
and spleen. They not infrequently show evidences of necro- 
sis. The endothelial cells of the capillaries and smaller veins 
may also contain pigment, but in much less quantity than the 
capillaries of the brain or of the hver. Pigment-bearing 
1 leucocytes are very rarely found within the alveoli. The 
phagocytes are for the most part mononuclear. Polymor- 
phonuclear pigment- bean n{* leucocytes, when present, contain 
usually finer, smaller particles of melanin. The macrophages 
collect usnaliy about the periphery of the smaller veins. The 
endoglobular parasites show often all stages of development. 



• The Johns ITopkina Hosp, Reports, vol. y 
t Aiti d. R. «cc. tned. d. Roma, 1687, a. ii, v 
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The enflotheliiim of the capillaries and small veins is al- 
most free from pigment, in sharp contrast to whut one seea in 
the brain and in the liver. In the areas of broncho-pneu- 
monia which are not infrequently found, ordinary polymor- 
phonuclear leucocytes and alveohir cells only are present; 
pigmented elements are extremely rare. The capillaries of the 
septa may, however, be filled with pigment and macrophages. 
Bignami enggeets that this fact is due to the diminished 
vitality of the pigment-hearing cells, which liave to a certain 
extent lost their motile power, and are thus less able to pass 
through the vessels. 

The KvlneijH. — The changes in the kidneys in acnte ma- 
laria are relatively slight, as compared to those in the liver 
and spleen. The macroscopical appearance is often almost 
normal. On gross examination there may be no evidence of 
pigmentation. The parasites and phagocytes are generally 
present in small numbers, the quantity being out of all pro- 
portion to the alterations which may be found in the paren- 
chyma. Ordinarily, however, there is considerable pigment 
in the glomeruli. This pigment is found in lai^ colorless 
cells within the vessels; sometimes, however, in the glomer- 
ular epithelium, Intra-eorpuscular parasites are rarely seen 
in the capillaries of tire glomenili. They are more common 
in the intertnbolar vessels, but are rare even there. 

The motit important lesions are tho exfoliation and degen- 
eration of the capsular epithelium. Albuminous exudates 
within the glomeruli were founti by Bignami only in algid 
pemicions fever. Sometimes, however, there may be exten- 
sive focal necroses of the epithelium, espei^ially that of tho 
convolutci! tubules. 

The Oii»trfi-inteDtinal Tract. — Under ordinary circum- 
Btonees few changes are to be found in the stomach and in- 




testines beyond a moderate degree of melanosis. In tLia 
coimection it should be remembered that the intestinal mu- 
cons membrane may be of a very dark, slaty-gray tinge in 
conditions other tlmn malarial fever. In other ingtauces, 
however, marked changes may be made out ; great injection, 
Buperfieial necroses, and ulcerations. 

"Under the microscojje a consideraljle number of parasites 
may be found. Tliese are generally full-grown and segment- 
ing organisms, and lie in the capillaries of the mucous meui- 
braoe together with numerous pigmented cells and a few 
pigment clumps. As a rule, however, the gastro- intestinal 
mucous membrane contains relatively few parasites. 

There are cases, however, as pointed out particularly by 
Marchiafava and Bignami, where the main seat of the local- 
ization of the infection may be in the gastro-intestinal tract. 
Macroscopically, there may be intense hypeneniia with punc- 
tate hEemorrhages iu the gastro-intestinal mucosa, while a 
very distinct, dark, slaty tinge may also be observed. The 
capillaries throughout the gastro-intestinal tract are crowded 
with parasites, both free and contained in red blood-corpus- 
cles or in phagocytes. Actual tbromljoses may exist, as in 
the cerebral capillaries, with resulting necrosis of the en- 
dothelial covering and ulceration. In such cases there are 
often severe gastro-intestinal symptoms which may closely 
simulate Asiatic cholera. 

The Bone Marrow. — The marrow is generally of a dark, 
slaty color ; it may be almost black. Microscopically, the 
small vessels may show large numbers of endoglobular para- 
ffltea witli central pigment blocks or clumps, while in the 
periphery of the vessels are collected numerous macrophages^ 
including pigment and red hlood -corpuscles. Bignami de- 
Bcribes also ovoid or round bodies lying about between the 
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oorpiiBcles, which from their size and staining characteristicB 
he lielieves to be free segmente. The parasites are found in 
greater or lees number both within and outride of the veseela. 
Macrophages are particularly numerous even in the pulp, 
while free pigment clumps may be observed. 

Suprarenal Ciqmd^tt. — ^Barker * has shown that the ad- 
renal glands maj be the seat of pronounced alterations. 
There are irregular areas of vascular dilatation with numer- 
ous parasites in the distended vessels. Macrophages with 
\'arj'ing contents maj be present in considerable numbers. 
The endothelial cells of the vessels may be phagocytic, and 
malarial pigment and infected corpuscles may be inclosed by 
true adrenal cells. 

There is little that ia characteristic in other organs. 

Anatomical Changes in Malarial ITrniuiyliibinuria. — Baa- 
tianeltt + liaa recently published some careful observations 
upon the anatomical clianges in the organs in cases of mala- 
rial hiem<jglobinuria. Besides those changes which one might 
expect in or after acute infections, or in more chronic cases, 
according to the time at which the hemoglobinuria has oc- 
curred, there are other changes, due especially to the hiemo- 
globaniemia, f> the polycholia, and to the elimination of 
haemoglobin and bile pigments. 

Ziver. — In Bome eases the distention of the gall bladder 
and the abundance of bile in the intestine are the only evi- 
dences of polycholia. In other instances the bile capillaries 
are filled in 8u<rh a manner as to cause the most wonderful 
microscopical injection of the finest rootlets. The endothe- 
lial cells of the capillary blood vessels, even non-pigmented 
elements, often sliow degenerative changes and fragmenta- 

* Op. eil. f Annuli d. med. nuvuLu, itnnu II, taso. li, 1806. 
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tion of their nuclei. Tlie c&pUkrieB are dilated, the IJ^-er 
cells thinned, wliile in some places they have in great part 
disappeared, the few remaining being filled with large fat 
drops. These degenerated areas are generally rather exten- 
rave, occupying sometimes as much as one third or one fourth 
of an hepatic lobule. 

Progressive changes are rarely seen. In one inetaoce 
only Bastianelli noted an extraordinary number of karyo- 
kiiictic figures in preparations from all parts of the liver. 
Tiiia can not, apparently, be regarded as an attempt to repair 
the damage done by the extensive necroses. Similar pichires 
were not found by Bignami in chronic ca^es with extensive 
tracts in the process of regeneration, nor were they present in 
Bastianelli's eases where the degenerative clianges were most 
marked. Where they were present, however, the injection of 
the bile capillaries was conspicuous — an apjieamnce interpreted 
by BaetianelU as evidence of hyper-function of the liver, 
Marchiafava and Bastianelli lioth agree in believing that this 
multiplication of the hepatic cells is an attempt on tlie part 
of the liver to meet the increased demands for work in elim- 
inating the detritus of haemoglobin. 

The quantity of msty-colored masses and remnants of red 
corpuscles contained in the hepatic cells is not greater in 
hsemoglubinuria than in orduiary malarial infections. 

Spte^m. — Nothing remarkable is found in the splewi ex- 
cepting, perhaps, the considerable number of nucleated red 
corpuscles, wliich, however, are also found in the circulating 
blood. A greater or less number of globuliferous cells are to 
be found, wliile granules of luemoglobin are present in the 
endothelium. 

BaM Marrow. — The marrow of the long bones shows the 
characters of nonual functionally active red marrow. Be- 
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Bides the presence of nucleated red corpuscles, there are found 
hienioglobin containing cells and cells containing blocks and 
gniniileB of an ochre-colored pigment. 

Kidnsya. — In some eases the alterations due to the hffimo- 
globinEemia, hsemoglobinuria, and to the bOe pigments are 
very scarce ; but in other cases tliere may be found grave 
degenerative changes. 

In those cases where the alterations are conspicuoos one 
may observe in the glujnerul! a slight meknosis of the en- 
dothelium, while the epithelium of the loops and the cap- 
sules is normal ; there may be a slight desquamatioD of the 
capsular epithelium. 

The cimvolut^d tubtdea show cloudy swelling or sometimes 
almost total degeneration of the epithelium ; a few of the 
epithelial cells may be impregnated with liremoglohin. The 
lumen of tlie tubules coutains rarely hEemoglobin, but more 
commonly bile pigment, either in round masses of a greenish 
color about half the size of a red corpuscle, or in long fila- 
meuts with rosary-like varicosities. Mitoses may be observed 
among tlie cells of the tubules. 

Heni^s loops are usually filled with detritus of hsemo- 
globin ; this may consist of the finest granules, or of masses 
resulting from the fragmentation of epithelial cells coming 
probably from the tubule, whose protoplasm contains htemo- 
globin. The epithelial cells of Hcnle's loops are generally 
well preserved — a fact which would lead one to suspect that 
tlie detritus of hsemoglobin which ia here met with comes 
from above. Masses of biliary pigment may also l)e found in 
Hcnle's loops. The epithelium of the loop may be impreg- 
nated with bile, in which case the cells are usually altered 
and necrotic. This, however, is not the rule ; more com- 
monly the epithelium ia preserved and the biliary pigment 
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is present as a hollow cylinder within the Inmen of the tube; 
Sometimes karyokiiietic figures nmy be made out in the tubn-J 
lar epithelium. I 

In the gtraight tvbules castfl of hiemoglobin are more 
abundant than in any other part of the kidney ; the cells of 
the tubules are well preserved. 

The vascular endothelium contains black pigment or gras-^ 
ules of lisemoglobin, while the interstitial tissue shows gener^-l 
ally no alterations. Kelsch and Ki6ner, * however, bavi 
noted severe interstitial hcemorrhages, while the escape o£| 
blood into the renal tubulea, causing an actual heematuria, i 
not uncojrimon. 

Neither in the circulating blood nor in the venoiia and] 
capillary blood of the organs are to be found red corpuscle 
in the process of hiemoglobiniBraic degeneration ; shadows are \ 
usually very scanty. In some cases Bastianelli found a s 
of lymphocytes in the liver. The accumulation of the leucc 
cytes in the renal vessels was notable. 

2. Changes followino RErKATEo oh Chronic iNFEonoNs — . ] 

Cerosic Malabial Cachexia. 

Changes similar to the above described, of greater or leas j 
extent, occur thus with every acute malarial infection, and it ia ] 
but natural that continued or repeated infections should i 
suit in iinportimt (lennanent changes in various of the orgaiu. 1 
These changes have been studied with particular care by Big- 
nami,f from whom the following description is largelyJ 
taken : 

The Spleen. — The spleen is always enlarged. It may,l 
reach below the umbilicus, even touching the pubes. It ia 1 

•Arch, lie phjB., 1882. 

t Bull. d. R. ace. meiL d. Roma, 1802-'B3, xis, 186. 
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nsnally finn, with a sharp hoi-der. The capsule is thickened, 
ehowing often white fibrous cartilapnoid plaques iipon the 
enrfftce. On scctioa, the surface is usually of a. somewhat 
Blaty color, while the trabecnlfe are very prominent. The 
coarse of development of these changes has been ably 
eketched by Bignami. The acute splenic tumor reaulta 
largely from: 

(ff) The aggregation in the pulp of the spleen of great num- 
bers of red blood-corpuscles, which have become shrunken 
and brassy colored or decolorized. These are found included 
in colorless elements of the spleen as brassy colored fragments 
or hyaline masses. 

{h) The continuous accnmalation from aU parts of the 
body of colorless elements which contain pigmented red 
corpuscles or parasites, and are often necrotic. 

('■) The presence of large numbers of red corpuscles con- 
taining parasites, some of which apparently pass through the 
vessel walls by diapedeeia and seek the columns of the pulp, 
where they are for the most part inclosed by the epithelioid 
cells. 

As a result of these processes a considerable number of 
the proper elements of the spleen become necn.>tic, while 
others, as well in the pulp as in the follicles, undergo karyo- 
kinetic division j all this is followed by marked hypertemia 
and acutfl tumor of the splenic pulp. Thus, the spleen is 
converted into a sort of tomb for the deposit of cadavers, 
while at the same time, during the same infection, procesBes 
of regeneration begin to appear. 

When the actual infection is at an end and the acute 
hypeneniia of the spleen has passed away, the tissues border- 
ing upon these collections of necrotic elements, or those sur- 
rounding the necrotic areas of the splenic pulp, begin to Bhow 
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changes, which on the one lianrl tend toward permanent 
alterations, and on the other toward a partial reparation of 
the part. In those parts where a considerable portion of the 
splenic tissue becomes necrotic or disapiiears, being carried 
away by tlie leucocytes, the vessels become dilated, fomi- 
ing a network of venous lacunfe which are separated by thin 
layers of pulp, giving rise to a tissue eimulating that of an 
angioma. 

In those instances where a more marked destruction of^he 
splenic substance has occurred, and where every trace of the 
pulp is gone, there are left extensive areas of a tissue consist- 
ing of cavernous sinuses, whose septa are represented by a 
very delicate connective tissue rich in giant cells, siraiiar to 
that of the bone marrow. Occasionally follicles become ne- 
erotic and fibrous. 

At the same time a process of regeneration yet more ex- 
tensive takes place, starting from the splenic pulp. The foUi- 
clea through hyperplasia reach sometimes three or four times 
their normal size. This newly fonned lymphatic tissue, start- 
ing from the follicles, may surround necrotic areas of splenic 
eubstanoe, which, becoming smaller and smaller, finally disap- 
pear. In the neighborhood of the hyperplastic follicles 
occurs au hyperplasia also of the pulp, while the reticulum 
becomes thickened so as to give rise in preparations to very 
clear and beautiful figures such as are not to be seen in the 
normal spleen. The pigment and probaljly the greater part 
of the necrotic elements are carried onward aud collected 
about the periphery of the follicles, so that the diffuse mela- 
nosis of the pulp is followed by a perifollicular melanosis. 

The pigment then passes on into the lymphatic vessels of 
the sheaths of the arteries and of the connective tissue of the 
septa. There results, on the one hand, a thickening of the 
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yascnlar eheatbe and of the eepta, and, on the other hand, the 
appearance of single or multiple lymphatic cysts, cauBing a 
lyniphangioniatoid picture, and reautting in chronic lymph 
etasis. When one conBidera that each new infection ie accom- 
panied hy fresh processes similar to this, it is easy to appre- 
ciate the gradual development of the enormous splenic tumors, 
ill which sometimes it is difficult, even histologically, to recog- 
nize the original structure of the organ. 

The Liver. — The changes found in the liver of chronic 
malaria may in like manner be traced from those occurring 
in acute infections. In acute infections the capillary net- 
work of the organ is invaded hy large numbers of phago- 
cytes containing pigment or corpuscles, and coming in great 
part from the spleen, while the parasitea are usually scanty. 
The circulation becomes slow, the capillary network dilates, 
while a certain amount of pigment is taken up by endothe- 
lial colls of the vessels, and later by KupfEer's cells. The 
pigmented endothelium becomes swollen and in part necrotic, 
while from these vascular changes new ai-eas of stasis result. 

Many of the Hver cells at the same time undergo altera- 
tions, either an acute atrophy from pressure or a coagulative 
necrosis. Such areas are often quite extensive. Numerous 
cells are found filled with blocks of yellowish iron -containing 
pigment, resulting from the early death of many red blood- 
eorpuscles. Together -with this, a certain number of liver 
colls, Kupffcr's colls, and endothehal cells undergo mnltipUca- 
tion by karyokinesis. The result of all this is the acute 
hepatic tumor, and the increase in functional activity — I>o]y- 
cholia. 

Only a small part of the great number of pigmented 
elements which enter the Uver escapes, passing through the 
branches of the supra-hepatic veins. The greater part, taken 
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up by endothelial and perivaeciilar cells, brings about a dis- 
tinct melanosis of the veasele, consecutive to the previous 
melaniEinia, Passing onwani out of the capillary network 
into the perivascular lymph cliannels, the pigment becomes 
collected in the form of large blocks within white cells. 
Within these cells the pigment is carried througli the lymph 
channels to the periphery of the lobules, so that the melano- 
sis of the entire lobule is followed by a perilobular mela- 
nosis. The process extending, the masses of pigment are to 
be found three or four months after tlje end of the infec- 
tion in large blocks, for the most jmrt intra-oel hilar, in the 
perivascular lymphatic tissue of Glisaon's capsule. 

While this migration of pigment is going on there occur 
in the lobules, on the one hand, permanent alterations, and, on 
the other hand, regenerative processes. In those places where 
the dilatation of the lymph and blood vessels and the de- 
generation and pigmentation of the vascular elements are most 
marked, no regeneration may follow the atrophy and necrosis 
of the epithelial and liver cells. The dilatation of the vessels 
increases and becomes permanent, while the greater part of 
the remaining liver elements disappears, only a few remaining 
in an atrophic condition, leaving an angiomatoid tissue con- 
sisting of an ectatic vascular network about which may le 
recognized a stroma consisting of Knpffer's cells. Small 
lymphatic cysts may occur where there is a special dilatation 
of the lymph vessels. 

In certain parts of the liver where, after the disappearance 
of the pigment and the necrotic masses in general from the 
endothelial cells of the vessel walls, the normal blood current 
becomes restored, there occurs an active regeneration of the 
tissue elements aI)out the atrophic or necrotic liver cells. The 
yonng hepatic eells become arranged with great regularity in 
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long rows on both sideB of tlie old elemente ; thne, when the 
stroma remains intact complete regeneration of the lobule may 
occur. These regenerative processes are accompanied by tlie 
appearance of giant cells with budding nuclei similar to those 
found in the embryonic liver. Such regenerative processes 
never appear in parts of the liver which have not been en- 
tirely freed from the collections of pigment and parasites. 
The migration and collection of the pigment in the [)erilobu- 
lar tissue is followed by an hyperplasia in this area so that 
the surroundings of the lobules are more distinct. 

Such destructive and regenerative changes result, then, in 
a distinct increase ui the size of some lobnlcs and a diminution 
in size and atrophy of others. If we consider that every 
acute infection is associated with a process of this nature, it 
may be easily appreciated how the chronic perilobular, mono- 
lobular hepatitis of malaria arises, that process which is char- 
acterized liy the presence of zones of hyperplasia or of 
atrophy of the parenchyma, by chronic blood and lymph 
stasis, by the formation of areas of angiomatoid tissue, by 
lymphectasis and lymphatic cysts. Thus, tlien, arise the 
familiar largo livers with smooth surface and lobules of 
irregular size. 

Bignami divides these processes in the liver into four 
stages : 

1. The liver is congested, wliile the lobnlcs are not sharp- 
ly distinguishable, and show in severe cases a decreased 
melanosis. The niacroseopical characters are about the same 
as those in the liver in acute malarial infections. Microscopic- 
ally, at this period, a little after the tennination of the acute 
infection, it may be noted that the parasites have disappeared 
from the capillaries, the pigmented endovascular macrophages 
have in great part disappeared, while the pigment is entirdy 
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collected in the endotbelinin and in Knpffer s cells. Those 
parte of the lobnles where neeroas or degeneration has oc- 
curred become markedly atrophied, the necrotic and d^en- 
crated elements lieing carried awajr by the phagocytes^ while 
the vascular network becomes dilated. 

2. At a more advanced stage the lobnles are distinct on 
gross examination. The melanosis continues to be diffuse 
throughout the lobule, but prevails at the periphery. The 
liver is still congested. The particular features of this stage 
are, on the one hand, the fact that the hepatic lobule frees 
itself from the accumulation of pigment and the necrotic 
remains which become collected toward its periphery, while, 
on the other hand, an active regenerative process b^ns in 
the parenchyma. 

3. Here the diffuse melanosis of the lobule, with the 
prevalence of pigment at the periphery, is followed by an 
exclusively perilobular melanosis. The liver is enlarged ; the 
consijftcijcv somewhat increased: the surface smooth. On 
section, all the lobules are seen to Ite sum>unded l>y a slate- 
colored line, in the neighborhood of which the lobular sub- 
stance itself is somewhat brown. Tlie slaty lines marking out 
cficli lolmle form ^nerally an exquisite network. The size 
of individual lolmles varies greatly, some being two or tliree 
times as large as normally, others distinctly small. Micro- 
scopically, the degenerative alterations may be seen to have 
led in sr^me areas to the formation of false angiomata and of 
lacunar or cysts of lymphatic nature. Other lolmles through 
degenerative processes have increased notably in volume. 
The ]>iirmcnt has become extra-vascular. Its transport 
through the capillaries and perilobular lymphatics is accom- 
plished by colorless mononuclear and polymorphonuclear 
cells. 
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4. In cases where the acute infeotion has been past for 
several months — in one case only three months— the pigmen- 
tation may be bo greatly diminished as to be ecarc-eiy visible 
by the naked eye. Tliere is marked enlargement and con- 
gestion of the liver ; the surface is smooth ; the consistency is 
increased. On section, the lobnles are well marked and sur- 
rounded by a most delicate reddish-brown [»order. 

Microscopically, the melanosis is seen to have become ex- 
clusively perivascular. 

5. Lastly, we arrive at the terminal form of the chronic 
malarial hepatic tumor. Macroscopically, the liver is enlarged 
and increased in weight, sometimes greatly. The surface is 
smooth ; the capsule a little thickened. The appearance on 
section is finely granular, the lobules being well marked, 
somewhat prominent, and surroimded by a zone of slightly 
pinkish tissue. 

Microscopically, all the malarial pigment has disappeared, 
while the alterations of the parenchyma are similar to those 
described in the last two stages. The lobules, of varying size, 
are surrounded by hyperplastic perilobular connective tissue. 
On the other hand, the connective tissue of the larger septa is 
of about normal volume. Tlie capillaries are notably dilated, 
while there is still more or less stasis of the colorless corpus- 
cles. There is an alteration iu the form of the hepatic cells 
in those zones where there is most marked dilatation. 

These lesions differ in extent considerably in different 
cases; thus, in some instances, despite the great increase in 
the weight of the organ tliere may be no very marked dilata- 
tions of the capillaries, no false angiomata nor lymphatic 
stasis, while, on the other hand, there may be a more ex- 
tensive hyj)erplafiia of the perilobular connective tissue with 
decided increase iu the volume of many lobnles. There may 
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be an evident hyperplasia of the parenchyma, as testified to by 
multinuclear hepatic cells and nuclei rich in eliromatic snb- 
stance. In other cases, however, the stasis and falee angi- 
oniata may be excessively developed. They niay constitute 
one of the chief factors in the hepatic enlargement. 

27i-e Bone Marr&w. — After numerous reLipses or repeated 
attacks of malarial fever the marrow of tlie long bones — for 
example, that of the femur in the upper and lower fourths — is 
usually red, and of a consistency greater than is generally seen 
in acute infections. Microscopically, there arc various altera- 
tions, generally the signs of an acute proliferation of the 
proper marrow elements. This ie followed by an increase in 
the hematopoietic activity of the marrow. Marked degenera- 
tive and destructive alterations may, however, take place in 
the bone marrow during acute infectiona ; these may reealt 
in considerable injury to the blood-forming functions of the 
marrow. In certain rare cases it may present tlie features of 
the marrow of acute pernicious aufeniia, showing particularly 
the presence of numerous megaloblasts (gigantoblasts). 

Finally, in some instances the new formation of hjemato- 
blastic marrow may be entirely lacking. In these latter casea 
the post-malarial anfemia is usually progressive. 

The Blood. — Bignami and Dionisi,* as has been mentioned 
elsewhere, have described several distinct types of post-mala- 
rial aniemia which correspond more or less with the above- 
mentioned changes in the bone marrow. 

1, Cases where the blood shows alterations similar to 
those observed in ordinary secondary aniemia. The chief 
difference is in the fact that the leucocytes here are dimin- 
ished in number. The prognosis in these cases is favor- 



•Qp.«t 



J 



MORBID ANATOMY. 233 

able, though in a few inetanceB fatal resulta have been re- 
ported. 

2. Caeee where the blood is like that of perntcioiie ans- 
mia, showing the presence of gigantoblaats (megaloblaats). 
The prognosis here is bad. 

3. Cases of prtigressive ancemia dne to the lack of com- 
pensation by tlie marrow for losses brought about by the 
infection. In such instances the marrow of the lung bonea is 
poor in nucleated red corpuscles. 

4. Chronic aneemia of the cachectic. These forma difEer 
from the above-mentioned in that the special symptoms of 
malarial cachexia prevail, while post inort«m there is a sclero- 
sis of the bone marrow. In the long bones the marrow is 
red, of an increased consistency, while the giant cells, many 
of which are necrotic, are very numerous. Nucleated red 
corpuscles are rare, and polymorphonuclear leucocytes are 
scanty. 

The Kidneys. — No great changes are, as a rule, to be 
found in the kidneys of chronic malaria. Two varieties of 
kidney have, however, been described by Ki^ner as eome- 
times met with in chronic paludism : 

1. The congested kidney. 

2, The atrophic kidney. 

1. The engorged kidneys are increased in size and weight, 
and of firm consistency, Tlie surface is smootli, the color a 
deep red, the congestion being particularly marked in the 
pyramids. Owing to the excessive congestion of the ves- 
sels, interstitial hiemorrhages or the escape of blood into the 
tnbules may occur. There is a marked granular degenera- 
tion of the tubular epithelium, while des(|uamation is com- 
mon. Hyaline casts may be found, 

atrophic kidneys are small. The surface is irregu- 
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lar, the capsule adherent, the consiBtency increased. The 
color is usually of a niariion or nmhogany tinge, and often 
there is a blotchy appearance. Small cysts are common. 
Microscopically, alterations are to be found in the interstitial 
tissue as well as in the tubular epithelinm. 

Aiuyh'iil Degeneration. — A few instaneee of amyloid de- 
generation of various organs have been described as following 
chronic or repeated malarial infections. Laveran found amy- 
loid degeneration of the kidneys in two inBtances of chronic 
malarial cachexia, though each case was complicated with 
chronic broncho-pneumonia and bronchiectasis. 

Frerichs * described three cases of amyloid liver. 

More recently, several cases have been studied by 
Harchiafava and Bignami.f In these instances, which were 
of sestivo-autumnal or obstinate quartan fever, a long period 
of febrile attacks was followed by symptoms of a nephritia 
and a rapidly developing cachexia, the patient dj-ing in a few 
months. Anatomically, there was found to be a grave anae- 
mia and a marantic condition of the organs, a chronic nepliri- 
tie, and a diffuse amyloid degeneration. The amyloid change 
was most marked in the kidneys, where, besides the affection 
of the vessels of small and medium size and of the glomemli, 
there was a considerable involvement of the walls of the 
tubules. The degeneration of the interstitial tissue and the 
renal parenchyma may be very grave. 

After the kidneys the most severe lesions were found in 
the intestines and spleen. In the bowel the vessels of the 
villi were chiefly affected, though those of the snb-mucosa 
were also the seat of changes, and to a less ejrtent those of 
the other intestinal coats. In the spleen the process was par- 

• Kliiiik der Lcbcrtranklipiico. f Op, eiL 
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ticularly marked in the vascular network of the periphery of 
the follicles. Great blocks of amyloid substance may be 
found hero, while iu the trabeculae of the pulp the process 
may be in its earliest stages or entirely absent. 

In the liver the changes are less extensive than in the kid- 
neys. Irregularly disseminated islands of hepatic tissue are 
involved ; an island, for instance, the size of a lobule or 
lai^r, where the liver substance lias entirely disappeared and 
the vast^tdar network shows grave amyloid clianges, may lie 
in the midst of apparently normal hepatic Bubstance, In the 
first small zones the amyloid change is found usually, accord- 
ing to Bignami, at the periphery of the lobules, from whence 
it spreads. 

CiRKnoTic Processes and Malaria. 

In many text-bwiks of medicine malarial fever is placed 
among the more frequent causes of atrophic cirrhosis of the 
liver, while sonietinies other chronic cirrhotic processes in the 
lung, endocardium, and central nervous system are ascribed 
to the same cause. 

C'irrhoHiit of the Liter. — By far the most common cirrhotic 
process ascribed to malaria is the ordinary atrophic cirrhosis 
of the liver, and yet in going over the statistics of any con- 
siderable nnmber of cases, or in looking through the litera- 
ture, we can find little basis for such a statement. No one 
has ever definitely traced the development of an atrophic 
cirrhosis from the changes following acute or clironic malarial 
fever. 

Frerichs, in his Diseases of the Liver, mentions particu- 
larly the infrequenoy of cirrhosis in individuals dying from 
chronic malaria, thougli in five instances this was the only 
probable cause to which be could ascribe the changes. 
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Laveran has observed oolj two casce of atropliic cirrhosia 
following malarial fever, and he ig hj no means poeitive as to 
the causal relation of the latter proceflfl, 

Welch has seen hut one instance of atrophic cirrhoais in 
which there seemed any reason to ascribe the process to pre- 
vious malarial infection. 

Kelsch and Kiener* enter into a rather lengthy descrip- 
tion of the hepatitis which may follow malarial fever, dis- 
tinguishing three characteristic forms, and two groups of 
malarial cirrhoses : 

1. Insular cirrhosis with nodular hepatitis, and iusnlar 
cirrhosis witli diffuse parenchymatous heimtitis. 

2. Annular cirrhosia with nodular or diffuse parenchyma- 
tous hepatitis. 

The general appearance of the liver under these circum- 
stances differs little from those of the ordinary atrophic cir- 
rhosis. 

Bignami f discusses this subject at length, conclnding 
that there is insufficient e\ndence to prove that atrophic 
cirrhosis is a frequent sequence to malarial fever. He de- 
scribes the development of the chronic hepatic tumor of 
malarial cachexia, and says in conclusion : " It is easy to 
understand from this that it is not difficult to make a dif- 
ferential diagnosis between this form of chronic tumor, or of 
chronic hepatitis, as one might say, from the other forms of 
cirrhoais. There are no facts or reasons sufficient to cause us 
to believe that ordinary cirrhosis may follow a chronic tumor. 
The structure in the two eases is absolutely different. In the 
one we have an extensive new formation of connective tissue, 
multilobular in nature, contracting about the included lobules ; 
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in the other, a ninre scanty formation of perilobular connect- 
ive tissue at>ont a single lobnle, not contracting, together 
with grave alterations of the lobules themselves, especially of 
their vascular and lympliatic Bysteme, not depending, as we 
have seen, upon the new formation of perilobular connective 
tisBue, but due to lesions primarily local.* Atrophic condi- 
tions of the liver exist in malaria, but are simple atrophies, 
and occur in patients who are exhausted— for example, by 
diarrhtBa, et«, — or in cases which I have described as progres- 
sive post-makrial anremia. They depend upon the complete 
want or almost complete absence of any process tending to- 
ward regeneration as a result of grave and diffuse regressive 
alterations." 

More recently two observers in particular have come for- 
ward in support of the association of malaria with atrophio 
cirrhosis of the Hver. Childc f rcporta a case occurring in a 
woman of forty, where the liver was connected by " dense 
adhesions to the diaphragm ; capsule thick, and nodular irregu- 
larities on surface ; liver very small and squeezed up ; ita 
shape dbtorted, and much fibrous tissue throughout it." 
There is, however, no mention of a possibility of the previ- 
ous existence of syphilis, and the absolute proof that the 
process is of malarial origin is wanting, 

A more striking case is that reported by Lodigiani. J In 
this instance, occurring in a woman of twenty-eight, who 



* It must be said thnt there la little evidence in support of the old idea 

that the onliniirj jitrophio cirrhusis is the result of a primary new (orraation 
of oonnectiTe tissue. The primary changes here arc doubtless in the paren- 
ohfRia, the conticclivc-ti«suo iticresiw r»presenline, probably, an attempt, 
imperfect though it may be, on the part of the organism to compensate for 
the daroaKe done to (he liver cells. 

t Trans, Grant foil. Med. Soc.. Bombay. 1800, 40. 

1 11 Morgttgiii. January, IBM, Ann. XXXVIII. Pt. I, No. 1. 69. 
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Bbowed no evidences of sjphiJis and gave no liiatory of al- 
coholic liahitB, tliuiigli a dt;tinito account of attac-ka of nin- 
laria off and on for eighteen years, there developed a tj-picjil 
tttropliic cirrhosLB. Splencctoraj was performed on account 
of a large movable spleen at a time when the existence of 
cirrhoBie was unsuspected. The patient died on the following 
day. The splceu, upon niacroscopical and raicroscoptcal ex- 
amination, sliowed the characteristic changes described by 
Bignanii in chronic malarial infection, while tbe Hver pre- 
sented changes in every way Eiinilar to those of an ordinary 
atrophic cirrhosis, Tliis case would appear to be the strong- 
est support afforded by literature for the idea that typical 
atrophic cirrhosis may follow malaria. 

In Barker's recent contribution, above referred to, the rela- 
tion of malarial infections to cirrhotic processes is discussed. 
The author emphasizes the fact that many conditions exist in 
the organs in malarial fever which might well be the starting 
point for extensive cirrhotic changes. 

It is interesting to note in connection with this the simi- 
larity between the necrotic areas foimd after malarial infec- 
tions, and those artificially produced by Flexner* in animals 
after the injection of blood serum and other soluble toxic 
substances. In many of these instances Flexner has been 
able to follow the subsequent development of most cbarae- 
teriatic atrophic cirrhosis of the liver and of tbe kidneys. 

It may be said, then, that while we have as yet hardly 
sufficient evidence to justify us in assuming that ortlinary 
atrophic cirrhosis is a frequent sequel of malarial infections, 
secondary cirrhotic processes in the liver, B]>leeii, boue mar- 
row, and other organs are, however, i 



MALARIAL PIGMENT. 

Malaeial Pigment. 

The Dark Pigment contained within the Parasites, — Tlie 
(lark pigment existing in the blood and in the organs in ma- 
larial fever lias l)een known for many years. It was first 
described in the blood by Meckel* in 1847, and shortly 
afterward by DIauhy, Virchow f and Hisebl. J These ob- 
servers, as isell aa Freriehs in 1858, believed that the pigment 
was formed chiefly in the spleen and in the liver. 

Planer, * in 1854, was the first to note tJiat it aro8e in the 
circulating blood ; an observation which was confinned by 
Amstein || in 1874. 

Amsfcin went further, showing that this pigment origi- 
nates in the red blood-eorpuscle itself ; an observation which 
was afterward confirmed liy Marehiafava and Celli ^ in 1879, 

In the following year Laveran ^ demonstrated the fact 
that the pigment arises within tlie malarial parasite as a re- 
sult of destruction of and changes in the hemoglobin of the 
red corpuscle. This melanin exists in small graimlcs, at the 
most one niicromillimetro in diameter, of a dark-brown or 
cop])er color. The pigment, as has been stated, seems to have 
a slightly different color in difEerent forms of the parasite. 
This, however, is a point about which it is very hard to 
epeak positively. Thus, while the granules in the young ter- 
tian organisms ajipear to have a lighter and more yellowish 
brown shade than the corresponding granules of the quartan 
parasite, it is impossible to say whether this may not in great 

• ZoiUchr. I. Psjch., 1847, 168. 
t Virch. Arehiv. 184D, ii, 587. 

} ZoIlAchr, d. k. k. Gesellschart der Aertzle in Wieii, 1830. 338. 

• Zeilsobr. d. k. k. Geselischnft der AfrtzU in Wlon, 1834, 137. 2Stt. 
I Virch. Arrhiv. 1974. Bd. Ixi. 40t 

^ Common tack din. Ui Pisa, 1870. ( Op. cil. 
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part depend npon the fact that tliej ore much more minnte. 
Certainly the difference in color between the granules of 
the full-grown tertian parasite and of the fnll-grown quartan 
organism, granuleB which are of nearly the same size, \s very 
much more difficult to determine. 

The minute granules of the young tertian parasite exam- 
ined in the fresh uustained specimen appear to have a some- 
what lighter color than those of the festivo -autumnal parasite, 
which are no less minute. 

In the tissues, especially in the spleen, the granules are 
often agglomerated in masses of irregular contour. These 
conglomerate masses may he really of a very considerable 
size ; in some instances almost one half as large as a normal 
red corpuscle. 

The pigment is resistant to the action of strong acids. 
Alkalies, however, especially potassium and ammonium salts, 
decolorize it ; it is readily dissolved by sulphide of ammonium. 
The nature of the dark pigment of malaria is quite unknown. 
Arising, as it doubtless does, from the hemoglobin of the 
red corpuscles, one might naturally expect that it would con- 
tain iron, but this reaction is not to be obtained by any 
method which we now know. 

The Yellow Pigment. — Besides the dark granules of 
melanin, there is to be found in the tissues a considerable 
quantity of yellowish pigment which g^ves a good reaction 
for iron, both with sulphide of ammonium and ferrocyanide 
of potassium and hydrochloric acid ; it corresponds with the 
pigment termed by Neumann* h(pmosiderin. This yellow- 
ish pigment is found not so much about the periphery of 
the vessels as in the case of the true malarial pigment, but 



" Virch, Arohiv, Bd. c 



i, p. 318. 



MALARIAL PIGMENT. 241 

infiltrated thronghout the proper tissue elements, more espe- 
cially in the spleen, liver, and lione marrow. 

Tliia anbstanee may esiet as (a) extremely fine granules, 
the color of wluch is not to be made out excepting when they 
exist in large quantity, as in the renal tubules ; (i) as largo 
granules of an ochre or rusty color in the liver and pancreas ; 
{(•) as voluminous blocks of a pale yellow, or gold yellow, or 
brownish yellow in the spleen, bone marrow, and kidneys. 

The direct origin of this pigment, at least of the larger 
blocks, from the shrunken, braiwy-colored red corpuscles may 
readily be traced ; marked changes have, however, taken place 
in the hremogiobin. 

This substance is insoluble in water and alcohol ; it turns 
black with sulphide of ammonium, and gives the blue haamo- 
siderin reaction with ferrocyanide of potassium and hydro-' 
chloric acid, while it resists the action of strong acids and 
caustic potash. 

Now while the black pigment in the blood clearly arises 
within the parasites, directly from the hiemoglobin of the 
corpuscles, it is, however, rather difficult to explain the large 
accumulations of black pigment wliicli are to Ikj found in the 
(MNwct in some cases where the parasites show but very little 
melanin. Marchiafava * noted the disproportion between the 
quantity of pigment in the spleen, Hver, and bone marrow in 
such instances, and the slight melanEetuia, and suggested that 
the pigment might also be elaborated within the tissues by the 
colorless cells, 

"While Dockf was unable to find evidence of such a pro- 
cess, Tiignami ^ has published some interesting observations 
relating to this point. 

• Atii del II cong. d1 med. int., 1680. t Op. cil. 

\ Amcr. Joor. Med. Sci., April, 1894. 
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He noted that the yellow iron-contamuig pigment is much 
more frequent in acute splenic turaore, while in the chronic 
melanotic tumors of the spleen an«i liver the reaction for iron 
18 less marked, especially if there have heen no recent atta«^kg. 
The extensive siderosie of the acute tumors in groat part dis- 
appears, leaving, however, a cuusiderahle accuumlation. of 
brown or hlaek pigment. 

Now it is not uncommon to find in the large pliagoovtes 
containing pigment Mocks a hlue reaction, either ditfuse or 
Burrounding the black masaea ; sometimes it forms a regular 
blue frame to the clumps of melanin. Similar pictures have 
been obtained in this clinic hy Barker," and by ilacallamf in 
the organs of malarious birds. 

These appearances suggest to Bignami the possibility that 
a part of the black pigment may come from changes taking 
place in the lifemosiderin which is formed during the acute 
infection, being derived in great part from the transformed 
hiemoglobin of the brassy corpuscles. 

This supposition is certainly ingenious and plausible. It 
has an analogy in the experimental observations of Schmidt, 
who studied the modifications which the blood nndei^oes 
when injected into the trachea, finding that at first there 
arise masses of pigment, giving the characteristic hfemosiderin 
reaction, while after several weeks the pigment takes on a 
red-brown or black color and loses, little by little, its power 
of reacting to ferrocyanide of potaesiura and hydrochloric 
acid. 

An interesting point in favor of this idea is the fact, as 
Bignami mentions, that in examining especially the fresh 
splenic juice wc find a considerable mmiher of bodies of a 
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ronnd form, in size np to about that of the red blood-cor- 
pnscles, which have a. yellowish color and contain a number 
of black pigment granules ; often they appear as aimple 
maseea of black pigment which seem to lie in a slightly 
yellomsh body. The granules may be in active Brownian i 
movement. These bodies Bignami believes to be maseea of 
hiemoaiderin which are in the process of change into melanin. 

Bignami concludes : " That the melaniBmia, index of an 
acute infection, is derived only from the direct transformation 
of hiemoglobin into melanin through the action of the para- 
sites within the red corpuscles {as Marchiafava and Celli have 
demonstrated). 

" That the melanosis of the viscera (spleen, liver, bone 
marrow), index of a previous infection, has a double origin. 
In chief part it is derived from the melansemia — that is, from 
the deposition in the viscera of the black pigment formed 
during the acute infection in the circulating blood ; in part it 
has a local origin — that ie, it is derived from the slow trans- 
formation of the blocks of ochre-colored pigment wliich are 
deposited or furmed in the spleen and in the other viscera 
from the enormous quantity of altered red blood -corpuscles 
which, in grave infections, die before the direct action of the 
parasites has transformed their hEemoglobiu into black pig- 
ment." 

Welch justly observes that an objection to Bignami'a con- 
clusion is fumiahed by the fact tlint luemosiderin is found in 
the liver, spleen, and bone marrow very commonly in anee- 
mias, but that the black pigment without micro-chemical iron 
reaction, which characterizes malarial infections, does not ap- 
pear under these conditions, lie suggests as an hypothesis 
that the malanal parasite may prodnce some chemical change 
in the substance of the red corposcle which permits the trans- 
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formation of the BpedficaD j altered luemog^obin into Uaek 
malarial pigment within certain cella of the body. 

In conclnsion, then, it may be said that there eziat in the 
blood and tisanes in malarial fever two main YarietieB of 
pigment: 

1. The black granules and masses of grannies which give 
no reaction for iron. 

2. YeUowish ochre or rosty blocks or masses as well as 
fine grannies which give the iron reaction (hsemofflderin). 

The black pigment arises probably for the most part with- 
in the bodies of the parasites, though there is some evidence 
which might su^^t its possible elaboration within the tiasae 
elements from masses of hemosiderin. 

The second variety is derived doubtiess trom the fmgw 
ments and remains of destroyed corpuscles, espedalty from 
the shrunken brassy-colored elements characteristic of certain 
malarial infections. This form of pigment is found only in 
the tissues. 
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General patholo;; of the main sf mptoms of malarinl Ferer — InfiJction with 
multiple groups o( parasitea — Mechanism of defense— PhagocyLosta — 
Spontaneous recovery. 

As has Ijeen shown in the preceding lectures, many of the 
clinical eymptoniH of malarial fever bear a direct relation to 
certain stages in the life liiatory of the parasites in the blood. 

Upon what does this relation depend, and bow are we to 
account for the clinical manifestations i 

The Intermittent Fever.— l^et us first consider the malarial 
paroxysm. We know by observation that the paroxysm al- 
ways follows the segmentation of a group of parasites. By 
what mechanism is this produced J Why should the parasites 
give rise to febrile manifestations at this stage only % 

Numerous answers have been given to these questions. 

Laverau, who does not wholly accept Golgi's views con- 
cerning the association of paroxysms with segmenting organ- 
isms, believes that the febrile elevatiitn depends u|M)n tlie irri- 
tability of the nervous system. " The degree of irritability 
of the nervous system, which varies with individuals and with 
the date of infection, seems to play an important role in the 
determination of the form and of the ty])e of the fever. If 
it be a vigorous individual who is suffering from his first at- 
tack of malarial fever, the nervous system reacts actively, and 
one observes a continuous or at least a quotidian fever. If 
the patient be ansmic, enfeebled already by nomerons previ- 
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ouB attacks, the nervous syeteni having become less snecep- 
tible, then it is a fever with long intemiiesions winch is 
observed. The nervous eystem becomes accustomed to the 
presence of the hsamatozoa and reacts less and less. With 
individDals who have lived for a long time in malarious 
regions, or who have had numerous attacks of malarial fever, 
the febrile paroxysms are generally rare and mild, while with 
the new-comers the febrile reactions occur with great energy," 

Richard,* in 1883, suggested that the fever represents the 
reaction of the organism against the parasites. The Idgli 
temperature he believed to be directly injurious to tlie Lsema- 
tozoa ; " they [the parasites] excite the fever, the fever de- 
atroys them, and falls in its tuni." The few parasites etill 
remaining after the paroxysm multiply, and when, as a result 
of this multiplication, the accumulatit m reaches a certain de- 
gree, there occurs another febrile reaction on the part of the 
organism. In typhoid fever, where temperatures of 40° and 
■41° do not destroy the pathogenic agent, the fever is con- 
tinuous ; in malarial fever a relatively short paroxysm de- 
Btroys BO many of the specific micro-organismB that for the 
time being the exciting cause of the fever is removed ; hence 
tlie intermittent character of the manifestations. 

To the majority of observers who have accepted Golgi's 
theories concerning the development of the malarial organisms, 
their arrangement in groups, and their definite cycles of de- 
velopment, these views are not wholly satisfactory. Golgi, in 
bis first articles, assumed that the paroxysm was due to the 
entrance into frosh rod corpuscles of the new group of para- 
sites resulting from segmentation. 

Antoliseif later on, however, called attention to the fact 

• Op. cil. t Kiforma lueJicH, 181H). Nos, 12, 13, pp. 
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that if quinine be given shortly before the time at which the 
sporiilation of a group of organisms ie to be expected, the 
segmentation may still occur, followed by the paroxysm, and 
yet no new group of organisms is found within the red cells ; 
all are killed by the quinine in circulation at the time of 
sponilation. The whole group of parasites is destroyed he- 
fore entering upon a new cycle of intra-corpuscular existence, 
and further symptoms dependent upon the group fail to ap- 
pear. From this fact Antolisei concluded that it is not upon 
the invasion of the red corpuscles by a new group of para- 
sites that the paroxysm depends, but upon some other cause. 
This cause he liclieved to be intimately associated with the 
act of segmentation itself, 

BaccelU * suggested that the paroxysm is due to a circu- 
lating toxic substance which is set free by the parasites 
at the moment of segmentation. He maintains that the 
symptoms of malarial fe~er depend upon two main causes : 
(a) a morphological htemodyscrasia and (6) a cbemical hsemo- 
dyserasia. The former depends upon the progressive de- 
struction of the red corpuscles by the parasites which live 
at their expense. Tlie latter is manifested in a nmch more 
intense and rapid manTier, and deptmds upon the entrance 
into the circulation of as yet undetermined chemical poisons 
which are set free at the time of sponilation — poisons due 
either to the act of sponilation or to substances set free 
from disintegratetl red corpuscles. These toxic substances 
are injurious to the nervous system, and eapecially to the 
vaso-motor ganglia. It is to their liberation that the febrile 
paroxysms are due. The duration of the paroxysm depends 
proliably upon the time required for the elimination of the 
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toxic snbstanceB bjr the kidneys, skin, liver, and Inngs. 
During the paroxjem many of the spores are destroyed, 
but a certain number survive to begin again their cycle of 
exietence. 

Golgi * in 1892 accepted this tlieory of the toxic origin 
of the febrile manifeetatione. 

This explanation from analogy with what we know of the 
pathogenesis of other infectious diseases is certainly the most 
eatiflfaetory, and, indeed, there are facts which speak strongly 
in its support. 

Particularly suggestive of the presence of toxic substances 
in the circulation at the time of the [jaroxyem are the obser- 
vations of Brousse and Roqiie and Lemoine, demonstrating 
the increased toxicity of the arine during malarial fever, 

BrouBso,t studying the effects following the injection of 
the urine of cases of malarial fever into animals, arrived at 
the following conclusions : " 1. The urotoxic coefficient cal- 
culated by Bouchtird's formula, the mean coefficient being 
Oi64, rises during the paroxysm, and the physiological efFeets 
observed are those which usually follow the injection of 
urine — dyspnoea, inyosis, fall of temperature, exophthalmos, 
and, furthermore, convulsions. 2. This toxicity is diminished 
during the period of convalescence in intermittent fever very 
much below that of the urine during the paroxysm, and, more- 
over, below that of the normal urine." $ 

Koque and Lemoine " studied the urine in three cases of 
malarial fever — one a case of tertian fever and two cages of 



• Dfulseh. mcd. Wooh., 18B3, 601, 805, 707, 729. 
t Quoted from Laveran. Du [Miludiamo, etc.. Paris. ISOl. 
} Society de mi^d. et de chir. pratiques de MontpelUe. 
oit«d from Lavurati. 

" licviio da m6d., 1890, p. 026. 
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pemicionB comatose malaria. Their concluBionB were ae fol- 
lows : 

" 1, The pathogenic agents of palndiBm form in the blood 
a large quantity of toxic products, a great part of which is 
eliminated by the urine. This elimination is at its maxi- 
mum immediately after the paroxysm, and lasts, generally, 
twenty-four hours, at least in the paroxysms of tertian 
fever. 

" 2. Sulphate of quinine acts by favoring the increase of 
this elimination. 

" 3. In certain pernicious fevers, a complete absence of 
toxicity of tlie urine depends probably upon alterations in 
the kidneys and liver, and the return of the urinary toxicity 
should be considered a good prognostic sign. 

" 4. Finally, it may be noted that in two cases recovery 
has followed a more increased elimination of toxines than that 
observed after the preceding paroxysms." 

In discussing this paper, Lepine justly remarked tliat in- 
jections should be made not only with pnro urine, but aleo 
with a solution of the salts of the urine made after calcination. 
This alone can give a reliable idea of the toxicity of the urine 
dependent upon organic compounds. 

More recently Botazzi and Pensuti • have made a control 
research, and, while finding the same general results as Roque 
and Lemoine, dispute their conclusions, believing that there \& 
not sufficient evidence of the formation of a specific toxic 
substance. Their conclusions are as follows: 

" TVe think that we have demonstrated : 

"1. That in the malarial fevers the febrile urine is less 
toxic than that passed during the apyretic stage. 
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" 3. That the urine emitted during the period of apy- ] 

rexia is more toxic than normal urine. 

" 3. That the to.\icity of the urine of malarial pstienta 
augments constantly with the succession of febrile attacks, 
though in some cases this augmentation appears in the form 
of unexpected and irregular exacerbations, 

" 4. That, as there is nothing specific in the course of the 
intoxications produced in rabbits with malarial urine, there is 
no need to suppose the presence of specific tosines or sub- 
stances of the nature of lencomBines, for the salts of potas- 
sium, phosphoric acid, the uriuary pigments, the peptones — all 
of which substances are eliminated in increased quantities — are 
a BufBcient explanation. 

" 5. That the injection of febrile urine is followed by a 
slower intoxication, characterized by sopor, by increased 
diuresis, by diarrbcea, and mydriasis, while the apyretic urine i 
produces a more acute effect, sometimes fulminating, charac- i 
terized by clonic and tonic spasms, myosis, ^ exhorhitiame^ 
spastic expiration. 

*' 6. That to explain this different picture one may sup- 
pose that with febrile urine the polyuria and diarrhtea are 
due chiefly to the incrciised richness iu urea, white the pep- . 
tones may contribute to the production of sopor. In the 
afebrile urines the salts of potassium, the phosphoric acid, the 
urinary pigments, and especially the urobilin, manifesting ! 
themselves as substimces essentially convulsive, determine an 
hyportoxicity, 

" 7. Finally, besides the hiemocytolysis, the destruction 
of the cellular elements of the tissues, and the formation and ] 
elimination of toxic substances, there must exist intermediate 1 
factors which account for the absence of increa-sed toxicity ' 
after the first febrile paroxysms, and the irregular eleva- ^ 
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tion and diminiitioii in the urotoxic coefficient in some other 
cases." 

Laveran also speaks conservatively eonceming these ex- 
periments as a proof of the existence of a specific toxine. 

A eiiggeative research relative to the excretion of toxic 
substances during the malarial paroxysm was carried out by 
Queirolo,* who injected into guinea-pigs sweat collected from 
individuals suffering from various infectious diseases, includ- 
ing malarial fever. The sweat in the latter cases was ob- 
tained during the paroxyem, Malarial sweat produced ex- 
tremely toxic rcsulte in doses which were quit« without effect 
when the sweat of normal indi\'idnals was used. Almost all 
the animals died as a result of the inoculations. 

In four instances sterilization of the sweat before inocula- 
tion did not diminish its toxic power. 

The theory of the toxic origin of the paroxysms has been 
expanded in an interesting manner by Plehn.f Tliis oliscrver 
reports several cases where individuals who were exposed at 
night in most malarious districts developed severe paroxysms 
immediately following the exposure, without the presence of 
parasites in tlie peripheral circulation. Later, however, ia 
the course of ten days or two weefes, several of the cases 
developed typical malarial fever, the blood showing char- 
acteristic micro-organisms. 

Plelm suggests that the initial paroxysm may have been 
caused by the absorption of some toxic substance which bad 
been produced by the parasite outside of the body at the same 
time that tlie primary infection took place. At the end of 
the ordinary inculiation period the typical fever developed. 
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The tibservfttions aro interesting and the explanation ingeni- 
ous, but purely hypothetical. 

The strongest evidence, however, in favor of the toxic 
origin of many of the eyiuptoma of malarial fever is fur- 
niBbed in the existence of areas of focal oecroeiB in the 
spleen, liver, and other internal organs, closely similar to 
those seen in diplitheria, typhoid fever, and other a£Ute in- 
fectious diseases. These areas, at least in diphtheria, have 
been shown by Welch aud Flexner* to owe their origin to 
a circulating toxic substance rather than to the presence of 
micro-organisms in the affected areas ; while the results of 
Reed's f studies of the liver in typhoid fever speak in favor 
of a similar origin for the typhoid necroses. Recent obser- 
vationa by Flexner J tend to show that these disseminated 
foca! necroses may be regarded aa conclusive evidence of the 
existence of a general toxssmia. 

What conclusions, if any, are we then justified in forming 
conceming the pathogenesis of the intermittent fever ! 

We know that the paroxysms occur always in direct asso- 
ciation with a certain definite stage in the cycle of existence 
of a group of malarial parasites— the period of sporulation. 

Golgi's original idea that the exciting cause of the parox- 
ysm is the invasion of red corpuscles by a fresh gronp of 
parasites, has been clearly disproved. 

There is, however, in the increased toxicity of the urine 
and sweat, as well as in the anatomical changes — focal ne- 
croses—occurring ill the internal organs, strong evidence of 
the presence of a toxic substance or substances in the circn- 
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There are many reasons, tlien, from tlie facts which we 
have tjefore Tia, and fi-om analogy witli other simUar condi- 
tions, to lielievo that the febrile paroxysms are due to the 
presence of toxic suljstanees in the circnlation — ^suhstanees 
which appear only at a certain stage in the life history of a 
group of parafiites — that of spornlation. 

Now, since the orgaDisras are arranged in large groups, all 
the inembera of which are practically at the same stage of 
development, and since the cycles of existence of these groups 
vary from twenty-four to seventy-two hours according to 
the tyjie of parasite, sporulation, the liberation of toxic sub- 
stances, and the resulting paroxysms occur, consequently, at 
intervals of from twenty-four to seventy-two boure. 

Acknowledging, then, tlie strong probability that the febrile 
manifestations are excited by the presence of circulating toxic 
substances, the questions at once arise : What are these toxic 
substances, and what is their origin ? 

Let us consider just what takes place in the circulation at 
the time of sporulation of a group of malarial parasites. 
There occurs at this period : 

1. The segmentiitiou of a large number of full-grown 
parasites into fresh yoimg organisms, while the pigment, and 
possibly some small quantity of tlie cytoplasm of the para- 
sites, are left behind. 

2. The liberation of a multitmle of full-grown and seg- 
menting organisms, with the destruction and disintegration 
of tlie including red corpuscles and the escape of a certain 
Amount of hiemoglobin into the general circulation. 

3. The fragmentation and degeneration of a certain num- 
ber of full-grown extra-cellular parasites, which, with the 
remnants of the segmenting forma, are usually engulfed by 
phagocytes. 
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i. Tlie rupture and disintegration, possibly, of uninfected 
corpuscles, witli the escape of their liteinoglobin. 

We have, then, before us three main possibilities ; 

(a) The toxic substances arising at the tiine of the parox- 
ysm result from the destruijtiou and disintegration of a large 
number of red blood -corpuscles. 

(i) They are hberated by the parasites themselves at the 
time of sporulatiou, and possibly also by the fragmenting full- 
grown forms which are usually obser\'ed at this period. 

(c) Both of the above factors may play a part in the 



It is very possible that the destruction and disintegration 
of a large number of red corpuscles may exert a toxic influ- 
ence on the organism, though in most instances where this 
takes place it is difficult to separate the effect of the blood 
destruction from that of the exciting cause. Extensive disin- 
tegration of red blood-corpuscles is, however, by no means 
always associated with a febrile paroxysm. In poisoning by 
chlorate of potassium or carbon monoxide, where great num- 
bers of red blood -corpuscles are destroyed, with conse^iuent 
htemoglobiuuria, fever may be practically absent. 

Hence, despite the lack of absolute proof, we are in- 
evitably led to the conclusion that the most important ex- 
citing cause of the malarial paroxysm is the liberation of some 
toxic substance by the specific parasites at the time of their 
sporulation. While, very possibly, toxic substances may arise 
OS a result of the disintegration and destruction of red blood- 
corpuscles which occur at this period, it is improbable tliat 
these play the primary part in exciting the paroxysm. 

The intermittent charac-ter of the fever is due to the in- 
tervals present between the sporulation of groups of parasites. 

In some infections wliere multiple groups of parasites are 
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preeent, ae is not infrequent in the case of the Eestivo-antum- 
nsl oriranisra, the intervals between the sporulation of differ- 
ent generations may he slight or even absent, while the fever, 
as one might expect, is remittent or BubcontinuouB. 

Ab to the intimate nature of the toxic substance or sub- 
stances we are wholly ignorant. 

The Anmmiii. — One of the most striking symptoms of 
all varieties of malarial fever is the well-marked secondary 
ansemia which always follows, sooner or later, if the attack he 
of any duration. The onset is in some instances rapid and 
acnte ; in others, more gradual. These anaemias depend prob- 
ably upon tlirce main causes : 

1. The direct mechanical destructive action of the para- 
wites on the blood-corpuscles. 

2. The destruction and disintegration of uninferted red 
blooti -corpuscles occurring at the time of the paroxysm. 

3. The structural changes in the blood-forming organs 
resulting from the infection. 

When we consider the manner in which the parasites de- 
velop within the red corpuscles, destroying them with their 
growth, as well as the probability that in some instances a 
considerable number of uninfected corpuscles are also de- 
stroyed at the time of the paroxysm, it is easy to appreciate 
how acutely these amemias may arise ; and careful studies 
by a number of observers have shown that following; each 
paroxysm there is a marked fall in the proportion of red 
corpuscles to the cubic milliuietre. In the milder, regularly 
intermittent fevers this fall is followed by a rapid regenera- 
tion. In the more severe fevers, however, the regeneration 
is often much slower. The main characteristics of these 
uuemias have been fully entered into in a previous lecture. 

White the cause of the acute Busemia following the parox- 




^ 



256 LECTUEES ON THE MALARIAL FEVERS. 

ysm is thus readily appreciftble, the obBtinacy of many post- 
malarial aniEmias is equally exi>licable when we consider the 
changes brought about in the blood-forming oi^ne by the 
infection itself. It is probable that the slow regeneration in 
the graver poet -malarial aniemias ie definitely due to the ex- 
tensive necrOBee and resulting fibroid changes in the bone 
marrow, for, as has been shown, the lione marrow and the 
spleen aro often in these very eases the main seats of IcKraliza- 
tion of the infectioQ. The accumulation of great quantities 
of malarial pigment in these organs, as well as the aggrega- 
tion in them of large numbers of macrophages, may also be 
mentioned as possible canses of interference with function. 

The Pain in the Bcmeg. — The severe pains in the course 
of the long bones, associated so commonly with malarial fever, 
have been ascribed to the changes produced in the bone 
marrow— an interesting suggestion, but purely speculative. 
These symptoms are not essentially more marked in malaria 
than they are in any other severe acute infection. 

The Javndlfe. — The jaundice which is so frequently pres- 
ent is doubtless due to the extensive destructi<.in of the red 
blood-corpuBcl^. The products of the disintegration of large 
numbers of erythrocytes are taken up by the hver ; this is 
shown by the enormous quantity of iron-containing pigment 
which is accumulated here in acute malarial infecticins. 

Most of the pigment is probably disposed of through the 
bile. A marked polycholia resnlts; more bile is |jroduced 
than can readily be carried away by the ducts, and finally 
from its accumulation and backing up an actual reabsorption 
with jaundice follows. 

The jaundice here, as in other conditions associafed with 
extensive blood destruction (pernicious antemia), is htematoge- 
nous probably only in its remote origin. 
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The blood Beram may contain bilirubin even in mild 
cases where the bile coloring matters are not demonetrable 
in the urine.* 

Cerelfral Symptoms. — Among the most important Bymp- 
toma asBoeiated with grave malarial infection are the cerebral 
manifestations — headache, delirium, coma, and convnlBiona. 
These eymptome may be due to (a) general cauBCB, (i) local 
causes. 

((/) General causes. Some of these manifestations are in 
all probability due to the presence of circulating toxic sub- 
stances ; indeed, it can not be denied that the most serious 
symptoms, perhaps even coma, may depend wholly upon this 
cause. 

(&) Local canses. Other symptoms, however, are doubt- 
less to be traced to definite inechanieal local causes. While 
the spleen and the bone marrow apjjear in most instances of 
asstivo-autumnnl fever to be the main points at which the 
parasites are accumulated, a marked tendency t^iward varia- 
tions in the localization of the foci of infection has been 
noted by many observers. 

Ah long ago as 1854 Planer t called attention to the fact 
that in comatose pernicious fever he had found the capillaries 
of tlie gray cortex filled with masses of black pigment, which 
in some instances actually occluded tlie vessels. To this me- 
chanical obstruction Planer ascrilKsd the symptoms of coma. 
This pigment has been since recognized to lie almost in- 
variably within nmlnrial parasites or within phagocytes, and, 
as has been shown by numerous observers, there may exist 



* The PoloritiR mnller 18 exnn'tMl bora as urobilin, the chango occur- 
ring, in all probability, in the kidneys. Fnr ttn eioc'llent dinousBiou of this 
question, vide Rlui. La muluriu, secuniio i piCl recenti aludi, 8vo. Torino, 1886, 
BoBeoberg & Svilicr. f Up. tit. 
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actual tlirombi of malarial organisms, often in the stage of 
aegiTientation, throughout extensive areas of the cerebral c 
tex. These accumulations of the malarial parasites exert 
probably a mechanical influence by shutting off the cireula- 
tion, while further changes follow in the surrounding desnes 
— perivascular exudation and punctate htemorrhages. 

It is, then, natural that in some instances the patient 
should show clinically manifestations pointing to local irrita- 
tion. In one interesting fatal case repurted by Marchiafava,* 
■where the patient showed, among other symptoms, evidencee 
of an acute bulbar paralysis, the vessels of the medulla were 
found to be crowded with malarial para^tes, while tlie sur- 
rounding substance showed numerous small liRjiiiorrhages and 
extensive perivascular infiltration. 

A third explanation of the eoma was suggested by Guar- 
nierijt who first described the extensive accumulation of the 
parasites in the capillaries of the liver and the numerous area^ 
of focal necrosis. This observer called attention to the simi- 
larity existing between the symptoms in comatose malaria and 
those wliieh result in animals from artificial interference with 
the portal circulation. lie suggested that the coma of ma- 
larial fever might be due to the extensive blocking of the 
hepatic vessels by phagocytes. It seems, however, scarcely 
probable that the hepatic changes have so important a bear- 
ing upon the symptoms, 

Ga«t>-ic and Iiitedinal Symptimis. — Vomiting is a com- 
mon symptom in the ordinary intermittent fevers, as it is in 
many acute infections ; it depends probably for the most part 
upon the toxic substances circulating in the blood. A slight 
diarrhcea is also not uncommon, particularly in children. In 
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Bome severe ijemicious fevers, however, the gastric and intee- 
tiual ejmptoiiie may be the inaia features of tlie case, which 
iiia^y closely simulatD Asiatic cholera. 

In cases of this nature Marchiafava* has found the capil- 
laries of tlie gastric and intestinal mucous membrane crowded 
with malarial parasites. In some instances this has gone bo 
far as to produce actual thrombosis with superficial necrosis 
and ulceration — a condition which readilj explains the clinical 
symptoms. Barker f has reported a similar case, while a 
second instance has more recently come under our observation. 

The Origin of Infections with MiiUip}4! Groups of Para- 
sites. — In some fonns of malarial fever, esi>ecial]y, as has been 
repeatedly noted, in aestivo -autumnal infections, the presence 
of multiple groups of parasites is common. 

In many instances it is probable that the original infection 
was with several generations of organisms. In others, how- 
ever, one is led to suspect that the condition may be due to 
the anticipation or retardation in the development of a certain 
number of organisms in an oriffinally single group ; these 
parasites which have been unduly hasty or delayed in their 
segmentation g^ve rise eventually to new groups, until finally 
the spornlation of such groups occurs at so frof^uent intervals 
that the temperature curve becomes complicated, eventually 
showing a remittent or suhcontinuous course. 

Theoretically, it appears easy to account in this manner for 
the development of multiple groups of parasites in ipstivo- 
autumiial fever. With tertian and quartan infections, how- 
ever, the question is by no means so simple. 

It has been mentioned repeatedly in earlier lectures that, 
in the regularly intermittent fevers, infection witli more than 
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one group of parasites is not infrequently observed. It hat 1 
been also noted that in tertian fever infections with more than I 
two groups of parasites are rare, while in quartan fever mora I 
than three groups are very uncommon. Furthermore, it will 1 
be remembered that wljen, for instance, in tertian fever two ] 
groups of parasites are present, the hour of onset of the j 
paroxysm on successive days is usually very similar. Often * 
slight constant differences in the hour of onset — ^an hour or 
BO, several hours at the most — *re to bo made out, but the I 
occurrence of one paroxysm in the morning, and that on the 1 
following day, for instance, in the afternoon, though occa- | 
sionally to be noted, is rather unusual. Not infrequently in 
cases of single tertian infection, a second group of parasites 
may make its appearance a considerable length of time aftar 
the onset of the clinical symptoms, perhaps, indeed, only 
with a relapse or recrudescence of the process. 

One can not but ask : "WTiat is the origin of this second I 
group of parasites ? Do they enter the organism at the be- j 
ginning of the infection and remain latent until late in the 1 
course of the disease, fir does the second group arise, for some 1 
reason or other, from members of the original single genera- I 
tion which have anticipated or lagged behind in their devel- I 
opment t 

These are questions which can not at present be definitely I 
answered. 

A very considerable number of cases are assuredly double j 
infections from the beginning, but there are others where the \ 
late appearance of the second group eei*tainly suggests tlie po»- i 
ability of its origin from one original generation. We are I 
immediately, however, brought face to face with the question t j 
If multiple groups develop from an original single groap 
through anticipation or retardation in the sporulation of I 
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certain number of paraeitcB, why Ehould this anticipation 
or retardation nsaaUy be of almost exactly twenty-fonr 
hours? 

If in tertian fever we were accustomed to see the develop- 
ment of fresh groups whose hour of eponilation came about 
three, or four, or five, or six hours before or after that of the 
larger original group, it would be very simple to explain eucli 
a process through the anticipation or lagging behind of a few 
parasites from the larger mass ; but this is not tlie case, or at 
least such a course of events is but rarely observed. 

From a purely morphological point of view it is interest- 
ing to see what a difference there may be in the size of the 
parasites and the number of segments present in different 
members of a single group of tertian organisms. While the 
majority of parasites have, before segmentation, reached a 
eize nearly equal to that of the red blood -corpuscle and have 
wholly decolorized the red cell, yet there are often others 
which are materially smaller, so much so that had we seen 
them just before spomlation we should scarcely have consid- 
ered them more than half or two thirds developed. This 
suggests the possibility that when the majority of the organ- 
isms in a group begin to sporulate, the remaining parasites, 
even though they may not have reached as advanced a stage 
of development, may by some unknown influence be dragged 
into line ami brought to segment with the rest. 

If one should suppose the existence of some such exciting 
influence as this, it would be possible to imagine that a few 
organisms which had lagged far behind the other members 
of their generation might remain without segmentation until 
the maturation of another large group of parasites should by 
its influence, whatever that may be, induce spomlation. In 
other words, we might imagine one or two organisms drop- 
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ping from one group into another in an originally double 
infection. 

Suppose, however, only one group of organienis exist in 
tlie beginning. In such a case we can only suspect some 
such course of events as the foUowiug : With the segmenta- 
tion of every group of parasites a certain number of organ- 
isms which have not as yet reached full development are by 
some influence drawn into precocious segmentation. Some- 
times, however, parasites may be so far behind as to escape 
this influence ; but such forms are practically half-grown 
organisms, and would not naturally reach maturity for nearly 
twenty-four hours. Any bodies further advanced than these 
wonid be drawn into segmentation with the original group. 

But why should the hour of segmentation of the second 
group be so nearly the same as that of the original ? 

This is a question not easy to answer. It is, however, by 
no means the rule for the hour of onset of paroxysms due to 
two different groups to be exactly the same. Differences of a 
few hours are conimou, wliile occasionally we see double in- 
fections where the pamxysms occur on one day in the morn- 
ing and on the next in the afternoon {m>h Chart No. IV, 
page 117). Tlie majority of tertian and quartan infections 
are associated with paroxysms beginning between eight in the 
morning and one in the afternoon, and talcing any number of 
cases at random the lioura of onset of the i)aroxy8ms agree 
fairly well ; indeed, it is not wholly clear that in tlie long run 
this agreement may not be nearly ae close as that lietween the 
hours of onset of tlie paroxysms due to different groups in an 
equal number of double infections.* 



" In eevenleen eonsBcutive cases of doulili' tcrtii 
kvorage difference ol S-80 hours between the time (if i 
ent irroHps of parasites. In thirty-four i 
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And this brings tis to the question, What is the reaeon 
that tlie paroxysniB in the regularly intermittent fevers tend to 
occur 60 commonly in tlie morning hours ? 

But tlie consideration of such questions, tempting though 
they be, would lead us too far into tlie domain of pure specu- 
lation. 

The explanation offered by Pes * of the development of 
double from single tertian infections is interesting, but it 
seems to us a little far-fetched. This observer suggested tliat 
certain organisms which have entered unusually small red 
corpuscles become mature sooner, and thus anticipating the 
others in their segmentation, form eventually a second group. 

The possibility that the second group may be due to 
anticipation rather than to retardation, as we have been 
tempted to suspect, must be borne in mind. 

Here, however, again we aro brought face to face with 
the same problem as to why the anticipation should be of 
almost exactly twenty-four hours. 

May it be that there is some inherent tendency in the 
parasite, or some influence from without, which is constantly 
tempting the organism to segmentation in the morning hours? 

And may it be that if a few tertian parasites, for instance, 
have been unusually precocious in their development, tliey 
may actually be drawn into segmentation in twenty-four in- 
stead of forty-eight hours, and thus eventually by multiplica- 
tion give rise to a new group ? 

And if such an influence e.\ist, what may it be ? These 
are interesting but unsolved questions. 

fever, pseh siicwwirB two oftses lieinfr compdrri one with annther, there wm 
an BTpruge dideivnce of only 3-B2 hours between the time ot onwt ol the 
parol ysms. 

■ Riforma medk'ti, 1S03, Tot. ii, 750. 
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HEOHAinSX OF DXTEKSS — ^PHAOOOTTOfllB — SFOHTAHaOini 

BBOOYEBT. 

In the previonB remarks about the morphology of the 
parasites, the presence of pigment-bearing lenoocytes has been 
frequently referred to. They are, in fact, a constant feature 
in malarial infections. 

Tertian and Quaaian Fever. — In tertian and quartan 
fever pigment-bearing white elements are to be seen at dis- 
tinct periods in the cycle of existence of the parasites — ^name- 
ly, at the time of sporulation during and just following the 
paroxysm. The cells observed in the circulating blood are 
not only the ordinary polymorphonuclear leucocytes (neu- 
trophiles), but also a considerable number of laige mono- 
nuclear elements resembling the mononuclear leuooq^tes of 
the blood, or at times somewhat larger. Indeed, the mono- 
nuclear phagocytes seem to be more numerous than those 
with polymorphous nuclei. This is an interesting point, for 
in the fresh specimen the amoeboid movement of these mono- 
nuclear elements is extremely feeble, and while active phago- ^ 
cytosis by the neutrophiles may often be observed, we have 
never seen a similar performance by the large mononuclear 
white corpuscles. 

The contents of these ceUs are usuaUy scattered granules 
or blocks of pigment; sometimes, generally in very large 
mononuclear elements, there may be larger masses and ac- 
cumulations. More rarely entire parasites or fragments of 
parasites may be contained within the phagocyte. 

In the fresh specimen the leucocytes may be seen to en- 
gulf : 

(a) The extra-cellular fragmented forms which are seen 
with particular frequency in tertian fever. 
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(h) Free pigment clumps and the remains of segmenting 
organisms. 

(c) Flagellate bodies.* 

(</) Segmenting forniB. 

Inclusion of the parasites while yet contained witliin the 
red cell I have never observed in tertian and quartan in- 
fections. 

When we consider the forma which are most readily at- 
tacked by the leucocytes, the periodicity of the phagocytosifi 
is easily coniprehensiWe, for it is Just at the time of the 
paroxysm that these stages of the parasite are most commonly 
present in the circulation, 

^niivo-autumnal Fevo: — In the irregular feetivo-autum- 
nal fevers the periodicity of phagocytosis is not nearly bo 
marked. Pigment -bearing white elements are to be seen with 
greatest frequency during and eliortly after the paroxysm, but 
they are often present throughout tlie course of the fever, as 
Bastianellif in particular has shown. The reasons for thia 
are: 

1. The frequent presence of multiple groups of parasites 
resulting in more or loss continued segmentation. 

2. The fact that in many instances an early necrosis of the 
red corpuscles — shrunken and brassy-colored elements {glubttU 
ros»i uttonati) — takes place, owing to which they may be en- 
gulfed by phagocytes at a time when the parasites are as yet 
immature. 

3. In the regularly intermittent fevers flagellate bodies 
developing from mature parasites are met with only at a cer- 



■ This inaf, inileed, ha observMl Id the iDsJoritf i>( instances. I hftTO 
■fn ae msnv m three leui-ocyteii enter the flold ol the microscope and dniul- 
ineuuslj attack a flagellate body. 

t Bull. d. K. occ. mcd. J. Rom., xviii. iei)2. 487, 
18 
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tain period in the cycle of the organism — i. e., at or abont tlie 
time of sporulation. In the testivo-aiitumnal fevers, on the 
other hami, after crescentic ami ovoid bodies have liegiin to 
appear, flagellate forms may be met witli at any time. The 
frequency with which flagellate bodies are engulfed by phago- 
cytes has been mentioned. 

Tliis brings up the question : Do flag«llate bodies develop in the 
circulatiou ? The question is by no means settled. We have never 
seen flagellate forms until some time after the preparation of the 
specimen, though Lavenm asserts that they may be found im- 
mediately upon the first inspection of the slida If we accept the 
view held by many, that the flagellate forms develop only out- 
side of the body, then the third explanation of the frequency of 
pigment-bearing leucocytes in 3?stivo-autuniual fever would apply 
only to the fresh specimen of blood. 

Here we may see not only ordinary neutrophiles and 
mononnclear leucocytes containing pigment, but occasionally 
mnch larger mononnclear phagocytes, sometimes true ma- 
crophages, ten times as large, perhaps, as the white blood 
corpuscles. The phagocytes may include not only the forms 
above described, but also entire red corpuscles containing 
parasites ; these elements are always shrunken and brassy-col- 
ored or decolorized. At times, within the large macrophages, 
there may be entire leucocytes with included pigment or para- 
sites, free or in red corpuscles. Some of these macrophages 
may show distinct evidences of necrosis. 

As may be suspected from this description, these elements 
are in every way similar to those which have been described 
in the spleen, liver, and bone marrow, from whence it is not 
impossible that tliej have escaped into the circulation. Some 
of them may be of endothelial origin. 

The existence of phagocytosis in malaria was lirst demon- 
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strated by Golgi* and Metsclinikoff.f Golgi,J atcepting 
Meteclmikoffa ideas, ascribe<l to tlie process an active cnra- 
tivc influence upon the mulariol infection, believing that a 
constant combat is waged between the leucocytes and the 
parasites. It ia through the engulfing and destruction of the 
latter tliat spontaneous cure occurs. A more careful exami- 
nation into the conditions of phagocytosis will show ua, how- 
ever, that this conclusion m not to be too hastily made. 

Let us consider, again, the elements which are to be foand 
within phagocytes. These are : 

1. Free pigment and the remains of segmenting bodies. 

2. Fragmented extra-cellular parasites. 

3. Shrunken, crenateil, braney-eolored red blood-corpuscles, 
and fragments of blood-corpuscles with and witlicut included 
parasites. 

4. Flagellate organiBms. 

5. Whole segmenting forms. 

6. In very rare instances erescentic bodies.* 

It can not but strike one who considers this list tliat the 
elements which are engulfed are all extra-cellular, with the 
exception of the parasites included witiiin the brassy and 
shrunken corpuscles of sestivo -autumnal fever, where doubt- 
less the corpuscle itself, having become necrotic, acte as a 
foreign body in the circulation. In other words, the para- 
eites are never attacked by the leucocytes while contained 
within the relatively nonnal erythrocyte. 

Now the question may be asked whether these forma which 

• Op. eil. 

t BiiHBk. Meil.. 1B8T. No. 12. 207; ref. in Centr. t. Bakt.. i, 1887. 624. 

X Arch. Itnl. do biol., xi. 1881). 

■ So far as I know, the only mention of tho phafrooyloBis of erescentic 
bodies is in Osier's article, in 1887 (Brit. Med. Joiir.. I. 550). where the pro- 
cess is pictured. 
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are engulfed are really living parasites possessed of their 
fall functional activity. The free pigment and the frag- 
mented extra-cellalar bodies are assuredly lifeless or at least 
degenerate elements. The shmnken, brassy red blood-corpius- 
des represent^ doubtless, necrotic structures, and are attacked 
by the phagocytes on their own account rather than because 
of the contained parasite. It should be added that many 
observers, notably Marchiafava and fiignami, believe that the 
parasites themselves die with the necrosis of the surrounding 
celL The fiagellate bodies, as is well known, are considered 
by many to be degenerate and dying forms. The segmenting 
bodies might be r^arded as living and active, and yet we 
must remember that it is at this stage that the organism is most 
readily destroyed by anti-malarial treatment ; in other words, 
is most vulnerable. 

Have we any proof, then, that the elements which are en- 
gulfed are really living, and, if so, are they possessed of their 
normal vitality ? May they not have been previously affected 
by some hostile influence in the circulation? The r61e of 
phagocytes in general as active combatants against infection 
we can not enter into at length. There are, however, cer- 
tain other points in connection with the course of ordinary 
malarial infection which would certainly suggest that this 
rdle has been overestimated. If the spontaneous cure of ma- 
larial fevers depends upon active phagocytosis alone, the 
phagocytes attacking the vigorous organisms, how are we to 
explain the ordinary course of an untreated malarial infection, 
say of the tertian or quartan type ? 

Bastianelli * has ably discussed this question. 

It has been shown by careful o]>servation that many of the 

♦ Bull. d. R. ace. med. d. Rom., xvui, 1802, 487. 
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milder malarial infections puraiie a definite cyclical course, 
lieginning gradaally, increaising in intenBity, reaching a climax, 
and then again diminisliing, going on to BpontaneouB recov- 
ery, wliicb is, to be euro, usually followed by a relapse. This 
sequence of eventa may repeat itself through months. 

Why, if we are dealing with phagocytes alone aa com- 
batanta against the infection, should we observe this cyclical 
course? 

Why should not the phagocytes put an end to the infec- 
tion in ita earliest stages when the parasites are relatively 
scanty? 

Does it not rather suggest that against the vigorous para- 
sites the phagocytes are relatively powerless, but that, after 
some other influence has come into play, the organisms, the 
vitality of which is diminished, are more readily overcome i 

Is there, indeed, any actual proof that any organisms, 
other than degenerate, dead, or dying forma, fall prey to 
these cells ? 

In the present state of our knowledge these questions can 
not he positively answered. It must, however, be acknowl- 
edged that the distinctly cyclical course so often pursued by 
the fevers, as well aa analogy with other acute infections, 
would lead us rather to aesume that the more important role 
in spontaneous cure is played by some parasitieidal substance 
or substances circulating in the blood serum. These sub- 
stances, to be sure, may be of cellular origin. 

May it not be possible that in some instances the parasite 
is injured by the products of its own growth 1 

Rather suggestive of this idea is the sudden termination of 
some tertian infections. We may see, for instance, the entire 
disLippearance of a group of parasites immediately following a 
severe paroxyam, notwithstanding the presence of numerooB 




270 LECTURES ON THE MALARIAL FEVTIRS. 

Begmenting bixlies in the peripheral circulation. I have 
seen such an instance in a case of douhle tertian fever, where, 
after on intensely severe paroxysm, with a large nuraljer of 
Begmenting organisme, no fresh intra-eorpuscular bodies were 
to be found, the ease pursuing its course afterward as a single 
tertian infection {vide Chart No. XVII, page 171). 

Such cases certainly suggest that the destnictiou of the 
new group of organisms may depend upon the presence of 
some toxic substance produced at the time of the paroxysm 
itself. 

"While in the great majority of instances the organisms 
within pliagocytes, if living at the time of inclusion, are rap- 
idly destroyed and disintegrated, it must yet be remembered 
that there are appearances which have suggested to certain 
observers that this may not by any means be the universal 
rule. Golgi * and his school maintain that organisms thus 
included may often continue their development within the 
phagocytes, pass on even to the segmenting stage, and finally 
accomplish the destruction of their host. This assumption is 
based upon the fact that in the spleen and marrow and endo- 
thelial cells, more particularly in the brain and liver, one no- 
tices so frequently all stages of the develojiment of the para- 
site within phagocytes, while a considerable number of these 
phagocj-tes show well-marked evidences of necrosis. 

These organisms are not supposed to grow free within the 
body of the engulfing leucocyte, but to continue development 
within the corpuscle in which they lie at the time of the 
phagocytosis. 

Previously to Golgi's introduction of this idea, Bignamif 

■ Arch. lUI. de bbl., 1803, ix, 288 ; a]»o Monti, Ball, de Soc. med.-chir. 
di Pavift, 1895. 

t Atti del R. use. ucd. di Rum., xvi, IBW. 
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had suggested that it might be in the form of some resistant 
spore within the bodies of phagocytes that the malarial para- 
site is preserved in those cases where relapses occur after long 
intervals. These are both interesting hypotheses, but as yet 
are without definite proof. 

In conclusion, it may be stated that while phagocytosis 
is a regular accompaniment of malarial infection, occurring at 
definite periods in the cycle of existence of the specific or- 
ganisms, it is as yet by no means an entirely settled fact that 
it plays an active curative r61e. Indeed, there is much which 
suggests that the role of the phagocyte in spontaneous cure 
is secondary to that played by some other influence which 
primarily injures the vitality of the parasites. 



LECTUEE IX. 

DIAGNOSIS, PBOGNOSIS, TBEATHENT, PBOFHYLAXIS. 

DIAGNOSIS. 

The Regularly Intermittent Fevers, — Terticm and Qtcar- 
tan Fevers. — The diagnosis of tertian or quartan intermit- 
tent fever is usually a relatively simple matter. The regu- 
larity of the manifestations, and the occurrence usually of 
the paroxysm with its three characteristic stages — ^the chill, 
the fever, and the sweating — render the diagnosis clear. 
The presence of herpes upon the lips or nose may be 
of important assistance. Herpes may, of course, occur 
under a number of other circumstances, particularly in 
pneumonia, but the frequency with which it is noted in 
malaria is great, probably far above that shown by most sta- 
tistics. 

The presence of a well-marked anremia may also be of 
. distinct help, chiefly in distinguishing malarial infections 
from tuberculosis, where the mucous membranes are usually 
of fairly good color, though the face may be pale. 

The spleen is almost invariably demonstrably enlarged. 
At times a slight enlargement of the liver may also be made 
out. An important point is the peculiar grayish yellow color 
of the skin, which is more or less characteristic. 

In a number of other conditions, more especially 8e/)tic in 

nature, paroxysms simulating those of malaria may occur. 

272 
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There are, howei-er, often sligbt differences. Egtimating 
the period elapsing between the time when the tempera- 
ture passes 99° and reafliee tliis point again, the average 
duration of the malarial paroxjem is a little under eleven 
hours. 

In other infections, however, while exactly similar par- 
oxysms may occur, they are often distinctly shorter. A 
paroxysm in which the temperature reaelies a point above 
104°, the entire duration of which is under six hours, is un- 
common in malarial fever, and not infrequent in septic 
infections (vide Chart No. XVIII, page 273). 

In a great majority of instances the processes which are 
likely to be confused with malaria do not show the same 
regular periodicity ; chills occur at irregtdar intervals. 
Sometimes, however, the temperature curves may be curi- 
ously similar to those of paludiam (vide Chart No. XIX, 
page 375). 

The one process above all others which is confounded 
with malaria! intermittent fever is pidmonary tuheretihsis. 
As I have recently stated in a communication elsewhere, it is 
safe to say that the majority of cases of pulmonary tubercu- 
losis occurring in malarious districta in this country are, at 
some time in their course, mistaken for malarial fever. 
This confusion occurs at the stage usually present at some 
time in the course of phthisis, where intermittent fever, 
often associated with chills, is present. The patient very 
frequently ascribes these symptoms to malarial fever, and 
■with thia diagnosis the physician all too frequently acqui- 
esces. 

The differential diagnosis may be readily made. In tuber- 
culosis, apart from the pulmonary lesions which careful in- 
vestigation will generally reveal, there is an absence of the 
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nllow, yellowish-graj oolor so oornmon in malaria^ The 
muoons membraneB are nsnall j of good color, whSe in malaria 
there is almost always a slight pallor. The spleen is generally 
nndemonstrable in tabercolosiB ; almost invariably palpable in 
malaria. Herpes is nnnsnal in the former, common in the 
latter. The examination of the sputa and blood will settle 
the question. The blood in tuberculosis with intermittent 
fever shows, generally, a distinct leucocytosis, which is absent 
in malarial fever. The discovery of the parasites is, however, 
the deciding point 

Chills occurring in the course of gonorrhosOy or following 
cathet&riaation or the passmg of a sound, are not infrequently 
confused with malarial paroxysms. The urethra should al- 
ways be examined in doubtful cases. Grave and &tal cases 
of septic»mia may, however, follow gonorrhoea, while there is 
little or no evidence of an acute urethritiB. The examination 
of the blood here, as in pulmonary tuberculosis, will settle the 
question. In both gonorrhoea and tuberculosis there is a 
distinct leucocytosis ; in malaria a normal or reduced number 
of leucocytes and the presence of the parasites. The exam- 
ination of the blood is the one certain method of diagnosis — 
the only manner in which a positive diagnosis of malaria is to 
be made. 

In rare instances tertian infections may show, for a time, 
continuous fever which may be confounded with typhoid. 
The diagnosis here may be difficult. In three cases which the 
author has observed the parasites were extremely scanty in 
the peripheral circulation. The ansemia, the color of the skin, 
the frequent presence of herpes, are all important points in 
favor of the malarial nature of such an infection, while care- 
ful and repeated examinations of the blood will always reveal 
the true nature of the case. 
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The discovery of malarial parasites rendcre the diagnoeia 
positive. Ill the great miijority of cases the orgauisnu j 
are readily made out. In very mild infections or in cei-tain 
rare instances of tertian fever, where the parasites appear to 
behave as do the (estivo-autumnal organisms, being aggre- 
gated ill the internal organs, they may be extremely scanty 
in the peripheral circulation. Ilere the presence or absence 
of a leucocytosis is an important diagnostic sign. In almost 
all coiiditJODB which simulate intermittent fever there ia 
well-marked leucocytosis, while in malaria the absence of 
a leucocytosis, indeed even a reduction in the number of 
leucocytea, is the rule. The presence of an appreoiahU 
Uucocytosis is sfrong evu/eiice against the exisiettce if un- 
eomplicateti malarial fever. At times, where very few 
parasites are present, pigment-bearing leucocytes may be 
an important aid to diagnosiB ; the skilled observer can 
usually distinguish malarial pigment from extraneous par- 
ticles. 

The differential diagnosis between tertian and quartan in- 
fections is readily made in the fresh specimen, though it is 
somewhat more diffleult in the stained. The tertian organ- 
isms are larger, paler, more active; the pigment, especially in 
the younger forms, finer, brownish, more vigoroUKly dancing ; 
the segments in the sponilating organism are more numerous 
and less regularly arranged ; the surrounding corpuscle be- 
comes decolorized and expanded with the growth of the 
parasite. The quartan organism is smaller, more sharply 
outline{), lazier in its movements ; the pigment coarser, 
darker, less motile, and often peripherally placed ; the seg- 
ments less numerous and more regularly arranged ; the sur- 
rounding corpuscle retracts about the parasite, and becomea, 
if anything, of a deeper color. 



^ 
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The following table may serre to emphafiiae flieae dia- 
tinctioiia: 



QUAIXAJI PAftASTR. 

Sabttanoe more retaotife; out- 
line sharp And dislinot. 

Pigment ooaner, dariEer, and (ml j 
sligfatly motUe, excepting in tlie Terj 
Xoangeet forms; marked peripheiBl 
anmngement of the grannies. 

Amcnboid moTements slow and 
lasy, excepting in the rery yonngest 
forms. 

Red blood-eorpnscle tends to re- 
tract about the parasite and has a 
somewhat deeper color. 

Fall * grown bodies distinctl j 
smaller than the red corposeles. 

In the early stages of segmentsr 
tion the pigment flows in toward 
the middle of the parasite in radial 
lines. Segmenting forms with scat- 
tered pigment rarely or never seen. 

Segments are usually arranged in 
a regular rosette form about the 
central pigment clump; 6 to 12 in 
number. 



Sobstanoe exoeastfely pale, hya- 
line and transparent; oaUine often 
difllenlt to distinguish. 

Pigment grannies smaller and of 
a lighter brownish color, especially 
in the yonnger forms; in active 
dancing motion. 

Amoeboid moTements Tery actiTe 
daring the first twenty-four or thir- 
ty-six hoars. 

Bed blood-corpuscle becomes ex- 
panded and decolorised with the 
growth of the parasite. 

Full-grown bodies as large or 
nearly as large as the red blood- 
corpasdes. 

Segmentation sometimes occurs 
before the entire collection of the 
pigment into one clump or block; 
no radial arrangement of the pigment 
as it gathers together. 

The regular geometrical figures 
shown by the quartan segmenting 
bodies may be wanting ; the parasite 
may divide into spores irregulariy 
throughout its substance; 15 to 80 
segments. 

The presence of two groups of parasites is readily recog- 
nizable. 

In stained specimens the motility of the pigment and of 
the parasite is of course absent, while the differences in the 
shade and size of the pigment grannies are not as clearly 
to be mode out, but in other respects the distinction between 
the two types of organism is easy. 

Comlnned ijifectioiis with qyiartan and tertian organisms 
occur, but are unusual in this climate. I have never seen 
such an instance. 
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If, for any reason, it he im possible to make a microscopical 
examination of the blood, we may in most instances rely upon 
tbe therapeutic test — -tiie rapid disappearance of the parox- 
ysma under quiuine. In the regularly intermittent fevers, if 
the patient be put to lied, there is rarely any recurrence of 
the fever after forty-eight hours from tbe beginning of the 
administration of quinine. In the majority of instances of 
tertian infection all traces of the fever disappear under tiiese 
circumstances in twenty-four hours. 

The jSsUvo-autumnal Fevers. — While the diagnosis in 
the regularly intermittent fevers is usually a simple matter, 
the same can not be sdd in tlie case of the more irregular 
BBstivo- autumnal infections. During the early mauifestations 
of testivo -autumnal fever, while the paroxysms are yet dis- 
tinctly intermittent, the diagnosis raay be clear ; but later on, 
when more marked irregularities become evident, and a remit- 
tent or continued temperature ensues, confusion with various 
other pathological processes is common. Sometimes, indeed, 
in an festivo- autumnal fever which is pursuing a regularly 
intermittent course the length of the paroxysm, amounting 
sometimes to nearly forty hours, may pve rise to serious 
doubt as to the nature of the condition. 

The process with which eestivo-autumnal fever is most com- 
monly confused is typhoid fever. In certain instances the con- 
tinued fever, the dull, apathetic condition of the patient, tbe 
pains in the bead, tbe loins, and extremities, the coated tongue 
and the enlarged spleen, all closely simulate enteric fever. To 
such instances, the "remittent fever "of this country, Baecelli 
has given tbe name auheontinua iyphoidea. Often, however, 
certain distinctive points may he made out. Usually, though tbe 
fever may be continuous, if one follow the case through several 
days, evidences of abortive paroxysms are to be recognized. 
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Though no actual chill may occur, there are periods of Blight 
coldness or blueness followed by exacerbations of the fever. 
The occurrence of these at similar hours on successive days, 
or at intervals of about forty-eight hours, may serve to turn 
one's suspicions toward the true nature of the process. Again, 
the history of distinct intermittent fever at the beginning of 
the illness would be suggestive. Moreover, prodromal symp- 
toms are usually less frequent and severe, as a rule, in malaria 
than in typhoid fever. Of the physical signs, the presence of 
a slight anaemia, of a sallow, yellowish hue to the skin, or 
herpes upon the lips, are all important evidences of the ma- 
larial nature of the process. 

Bronchitis is more common in typhoid than in malarial 
fever, as are also abdominal symptoms, though they may 
occur in both conditions. The appearance of the character- 
istic typhoid roseola may bo the deciding point. Urticaria is 
not very infrequently observed in malaria ; it is unusual in 
typhoid. The diazo reaction is almost always present in 
the urine of typhoid fever after from seven to ten days, 
while it is unusual in malarial fever, occurring in but 5'5 per 
cent of our cases. 

The examination of the blood usually settles the question. 
The small ring-shaped and amoeboid hyaline aestivo-autumnal 
parasites, with or without occasional pigment granules, are to 
be found, while, if the process has lasted a week or more, pig- 
mented ovoid and crescentic bodies are usually present. Not 
infrequently the parasites are very scanty, particularly if we 
examine just before or during a paroxysm, and every now 
and then we may hunt for a long period of time '\;\nthout find- 
ing any organisms. Here tlie presence of pigment-bearing 
leucocytes is an important diagnostic help. It is rare, how- 
ever, in severe infections not to find the parasites after a short 
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Bearch. The presence of a diminished nnmber of leucocytea 
ie not liere of the Mime assistance that it is in the {lifferentia! 
diagnosis between malaria anil tlie septic iiifeetioiis, since the 
lancocytoa in tjfphoid fever show essentially the same changes 
in number and in differential relations one to another as thej 
do in malaria. 

If WG are unable to obtain a microscope, the therapeutic 
test will give ua the diagnosis in almost all instances. No ma- 
larial fever which we now know resists large dosea of quinine 
for more than three or four dajs. It is quite safe to say that 
if the process be malaria the temperature will be quite nor- 
mal, or at least will have shown a marked break by the 
fourth day, usually earlier. If quinine fail to iiifluoncc the 
fever, wo may rest assured that the process is either non- 
malarial or else that a complication exista. 

The following table, taken in part from Rho,* may be of 
assistance in bringing out the contrast between the two pro- 
cesaea: 

CONTINUED MALARIAL PEVEH — REHIT- 

TB.-fT FEVEa. TTPnOlD FErER, 

Onset gonprall;f inUrmittenl. Onsot gradual and piogresslve. 

Irregotar reraissions. Regular, though very slight mum- 
ing rcmiasiuns, with ereniiig eiuuer- 
bntions of tempemturo. 

The tcra[>eratTiro may srrive at The tornperature dops not reach 

40° C. (104' F.) at the end of the first 40" C. (IW F.) before the third or 

day. fourth day. 

neadaoho rare in the beginuing; Ilcadaclio from the beginning; 

of a neuralgic charauter. pulsulinK. permanent, severe, froitliil. Sclera 

variable Ui its iKisitioii and intensity, white. 
Sclera subiclcric from the onset. 

The apathetic eipresaion of the These symptoms well ranrtied and 

face, the dryness of the tongae, progressive, 
sonles upon the teeth, are not very 
marked. 

* La Tnalaria seeondo I pib recent! atudi, Torino, ISIIO, 8ro. 
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Breath fouL 

The deiiriam may come on in 
the early days ; it is recurrent, but 
changes with the exacerbations of 
temperature and the other symp- 
toms, and may give way to graye 
symptoms related to other organs. 

If there be pulmonary conges- 
tion the cough and other symptoms 
come on suddenly ; the areas affected 
change from one to the other lobe or 
lung, and may disappear and reappear 
again with varying intensity ; dysp- 
noea is very pronounced ; circulatory 
disturbances are marked, even syn- 
cope. 

There is usually restlessness and 
anxiety (Jactatatio corporis). 

Peculiar grayish-yellow color of 
skin ; sometimes a slight jaundice. 

Herpes common. 

Ansemia often more or less marked 
early in the course. 

No characteristic exanthem; urti- 
caria not uncommon. 

At times there mav be transient 

« 

tympanites or ileo-ciucal gurgling; 
they are but slightly pronounced and 
paroxysmal; diurrha'a is slight or 
absent, and has not the characters of 
that in typhoid fever. 

No distinct course. 

Urine high colored ; may show a 
trace of bile; Ehrlich's diazo reac- 
tion rarely present. 

Blood shows no leucocytosis ; 
eosinophilos not notably diminished ; 
serum docs not cause agglomeration 
of typhoid bacilli (PfeifTor, Durham, 
and Widal): malarial parasites and 
pigmented leucocytes present. 

Fever disappears under quinine. 

Is an endemic disease, occurring 
particularly in rural districts, rarely 
epidemic. 



Breath has a peculiar mouse-like 
odor. 

Delirium appears only when the 
disease is well pronounced ; it is often 
persistent, and variable only in de- 
gree. 



Pulmonary congestion is gradual 
and persistent ; always hypostatic 
(the bases and dorsal surfaces of the 
lungs) ; the dyspnoea is less pro- 
nounced and later in appearing, de- 
pending more upon the abdominal 
conditions (tympanites, etc.). 



There is usually relaxation, pros- 
tration, stupor (rv^f). 
No jaundice. 

Herpes rare. 

Anaemia absent excepting in later 
stages. 

Characteristic roseola. 

Tympanites, gurgling, diarrhoea 
ap[jear slowly and may become well 
marked. 



Has a fairly characteristic course. 
Urine high colored; bile absent; 
diazo reaction present during the 
height of the process. 

Blood shows no leucocytosis; 
eosinophils diminished or absent ; 
serum causes agglomeration of ty- 
phoid bacilli ; malarial parasites and 
pigment absent. 

Fever uninfluenced by quinine. 
Usually epidemic ; prevailing com- 
monly in cities. 
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Confusion with typhus fever might arise ; exantinatiou of 
the blooii will here settle the question. 

The differentiation of the fever from ivlerculosM or vari- 
ous septic! processes rests upon the same general rules as in 
the case of the regularly intermittent fevers. The examina- 
tion of the blood shows in malaria an absence of leucocytosifl 
and the presence of parasites, while in tuberculoais and most 
other acute febrile processes a well-marked increase in leuco- 
cytes is to l<e observed. 

It should be remembered that occasionally the parasites in 
the peripheral circulation may be very scanty notwithstand- 
ing tlie existence of well-marked symptoms. 

Baccelli * thus asserts : "(«) That sometimes severe fevers 
of a malarial nature occur during which it is impossible to 
make out the presence of the pathogenic organisms in the 
blood. . . . 

" {d) That when they have been at Inst found, they may 
appear in so small a number that there is no question of any 
relation between the number of endoglobular parasites f and 
the severity of the fever. 

"(e) That in the beginning of the attack . , . neither 
spomlating forms nor new fontia are to he made out in the red 
blood -corpuscles ; the latter begin to appear only when the par- 
oxysm is advanced. . . . 

" [f) That in cases of experimental paroxysms which wo 
have produced, some of which, indeed, developed with severe 
symptoms, there were at the onset of the fever no patho- 
genic micro-organisms to be found in the red blood-cor- 
puscles. 



• Verhnndl. A. XI. Cong. f. inn. Med., Uipag, 1892. 
f In the periphorul oirculatioD (W. S. T.), 
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^^(jj) That these fomis were found lemaxkably late and 
were very scanty," 

We have repeatedly observed that in intermittent sestivo- 
aatnmnal fever parasites were very scanty daring the early 
hours of the paroxysm and jnst before. And, indeed, in some 
cases of more or less continuoas fever they have been at times 
surprisingly hard to find. If, however, we miss parasites on 
the first examination, it is very rare that a second examina- 
tion several hours later ffuls to reveal their presence. 

Pemicious Malarial jFever$^The (hmaio^e Type. — Co- 
matose paroxysms may be mistaken for sunstroke, ursemia, or 
cerebral hemorrhage. The differential diagnosis from sun- 
stroke may be extremely difficult Bastianelli and B ignami, 
as has been mentioned, have recently noted the &ct that in 
Italy many instances of uncomplicated insolation have doubt- 
less been regarded as cases of pernicious malaria. It has been 
demonstrated by their autopsies that insolation may occur in 
iBdividualB who have recently paaeed through a malarial at- 
tack, or who, indeed, may be subjects of a mild or unsuspected 
infection. In such instances it may be extremely difficult, 
without examination of the blood, to determine the true na- 
ture of the paroxysm. Jaundice, anaemia, and an enlarged 
spleen would particularly suggest the malarial nature of the 
process, while hyperpyrexia — ^temperature as high as 108® or 
110® F. — would rather testify in favor of sunstroke. 

In case of comatose symptoms in an individual where ex- 
amination of the l)lood from the peripheral circulation and 
from the spleen reveal but few organisms, it may be ex- 
tremely difficult to detennine the cause of the manifestations. 
In such an instance quinine should be administered as if the 
case were one of pernicious fever ; while hyperpyrexia, if 
present, should be combated by ice baths, just as in a case of 
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tmcomplicated Bimstroke. In some siicli instanccB the qaee- 
tiou whether or not insolation has played & part in the aymp- 
tonis is impossible to settle. 

The i^i'iiiic, meningeal, edamptic, and fiemiplegic types of 
malaria are to be recognized by the condition of the blood. 

The Algid Paroxysm, — In Kome instflncofl, where the tem- 
perature is subnormal or but elightly elevated, wliile (from the 
flctmtl (condensation of the blood ?) the aneenua may not bo 
apparent, the diagnoeis may not at first be suspected. A 
sallow color of the skin and an enlarged spleen would, how- 
ever, be suggestive of malarial fever, while examination of the 
blood will settle the question. It ifl in these doubtful cases of 
pernicious malaria that the life of the patient may at times be 
saved by the physician who systematically examinee the blood 
of his patients. This was the case in the instances of poet- 
operative malaria above referred to. There waa little in the 
appearance of the patient to suggest malaria, and had Dr. 
Livingood neglected to examine the blood, the patient's life 
would very possibly have heen lost. 

T/ie Hcenuirrhai/ii) Type. — Ttie diagnosis in some instances 
of this type of fever must be made between malaria and yel- 
low fever. The spleen is often Imt little enlarged in the latter 
affection, while albumen and casts appear unusually early in 
the urine. In some instances we must depend entirely uijon 
the examination of the blood. 

Malarial Ilwmoglobiiiuna. — The diagnosis here mnat bo 
made Iwtween yellow fever, ordinary paroxysmal hajmoglo- 
biimria, at^'ute ne])hritiB from some other toxic origin, and prob- 
ably also from tlie hicmoglobinuria which at times follows 
i^juinine. The chief reliance must be placed here upon the 
examination of the blood. 

The appreciation in each case of tlic relation of the htemo- 
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globinuric attack to the malarial iufoction is of tlie greaterf' 
imi>ortaiice for treatment. 

In tliat claeB of cases where the attack is one of the mani- 
festations of the malarial paroxysm, and the parasites remain 
in the eircniation, the cliagnoeia is clear. 

Where, however, the organisms disappear spontaneously 
with the paroxysm the diagnosis may be by no means as easy. 
Usually, a few parasites, possibly only crescentic and ovoid 
forms, are to lie found. 

In the eases of true post-malarial hiemnglobinnria the diag- 
nosis may be extremely difficult. We must rely here much 
npon the history of the ca«e and the evidences (enlai^ed 
spleen, ausemia) of an anteeurrent infection. 

Lastly, under the heading of malarial hEemoglobinuria, 
come those inetances — rare apparently in temperate climates 
— where the paroxysm is due to quinine. 

In those cases which follow quinine gi%'en during an acnte 
malarial infection with parasites in the blood, we should be 
very cautious in our diagnosis ; we should remember that 
many such instances are doubtless post hoc simply — not prupUr 
hoc. The history of previous attacks, or of family or personal 
Husceptibility to the drug, is important. 

Where the association of the paroxysm with quinine liaa 
occurred in more than one instance the diagnosis is easier. 

Post-partum. and Post-operative MeJ^ariii. — Various puer- 
peral and post-operative septic infections must here be ex- 
cluded. The diagnosis is generally evident from a study of 
the chart ; the sequence of the paroxysms b usually irregular 
in septic infections. Besides the irregularity in snccession of 
the septic paroxysms, they are often of relatively brief dura- 
tion as compared with the malarial attack. Enlargement of 
the spleen is usually present in both conditions, and, though 
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Bomewhat different from tlie mularial hue, the aallow, parcli- 
ment-like color of the subject of a grave septic infection may 
readily be confused with tlie malarial tint. The examination 
of the blood will settle the queetion. Apart from the pres- 
ence of parasites and pigFnent, there is a diniinution in the 
num1)er of leucot^ytes in malaria, wliile in the paroxysms due 
to other septic causes there is commonly a well-marked leuco- 
cytosis. 

Chronic Malarial Cachexia. — The condition is chiefly to 
be distinguished from secondary or primary anffimia, or from 
leukiemia and peeudo-leuktcmia. The presence of pigment or 
parasites in the blood is conclusive, but these may not he 
found, while the enlarged spleen, tlie grave aniemia, the tend- 
ency toward LEernorriiagos or dropsical effusions — all symp- 
toms common to these various conditions — may render the 
diagnosis extremely difficult. The liistory of the patient, how- 
ever, and the progress of the case under treatment, will usu- 
ally clear up the diagnosis. Malarial cachexia generally re- 
sponds to treatment, though the improvement is often 
extremely slow. The examination of the blood will, of 
course, readily enable us to distiiiguiflh the case from one of 
leukiemia. 

I'oat-malarial Amvmia. — It is by no means possible in 
many instances to determine from the examination of the 
blood alone tlutt a given aniemia is post-malarial in nature. 
The dimumtion in the number of leneocytes which is com- 
mon in post-malarial antemias, with a relative increase in the 
lai^ mononuclear forms, may, however, serve to suggest to 
us the nature of the process. 

Malarial Nephritis. — There is nothing especially charac- 
teristic in the nephrlttjs which follows or accompanies malarial 
fever. In case of nephritis associated with fever, especially if 
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it oocnr in a malarions district a carefal ezunmstioii of the 
blood should be made. 

ChmplicalioiM and Mixed IftfecticnB. — A definite diag- 
nooB in the oombniatunm of malaria witfi many prooeaaeB 
which we have mentioned, particnlariy with tj/phoid ftnar^ ia 
often only to be made after the administration of qninineu 
Following this the symptoms dne to malaria will dear np^ 
thns simplifying the clinical pictnre of the oomplicating dis- 



Pneumonia is nsoaDy readily made out npon physical 
examination* The same is tme of pleuriiy. In the case 
of pulmonary tuberctdans we must depend, of coarse^ npon 
the physical ogns and the presence of tnberde bacilli in the 
spntnm. 

The occurrence of diarrAaa or dyeentery dnring an aente 
infection may or may not depend npon the action of the 
parasites or their toxic products. The presence of the amoipa 
odU in the stools is direct OTidence of the existence of a com- 
plicating process, while in other instances of diarrhooa in acute 
malaria the results of the specific treatment must be awaited 
before one can form a definite diagnosis. 

Parotitis^ tonsUlitiSj acute rhenmatism, and the exan- 
themata may be recc^nized by their usual symptoms. 

Nervovs Complt'Cations. — The true nature of some of the 
nervous complications of malaria is only to be appreciated after 
observation of the action of quinine, those symptoms dne to 
the malarial infection clearing up under treatment by the spe- 
cific drug. 

Prognosis. — {a) Regularly Intermittent Fevers, — The 
prognosis in tertian and quartan fevers is almost invariably 
good. Tills is at least tme as far as relates to fatal results 
directly due to the malaria. I have never heard of a per- 
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nicioDS paroxysm occurring in tertian or quartan infection 
with tlie exception of tlie case of French, above referred to. 
On the other hand, very serious results not infrequently fol- 
low improperly treated or neglected infections. Thus tertian 
or quartan malaria may continue for months, indeed for years, 
constant relapses occurring every several weeks. The result 
in many instances is a grave chronic cachexia, through vrhieh 
the patient may become a ready prey to various secondaiy 
infections. With proper treatment, however, the disease need 
never be fatal of itself. 

^Estivo-autiimnal Fever. — The prognosis in the more ir- 
regular lestivo-antnmnal infections is liy no means as favorable. 
In the great majority of instances, unless pernicious manifes- 
tations have already appeared, vigorous treatment by quinine 
■will be followed by a rapid disappearance of the symptoms, 
and in an ordinary case the prognosis is perfectly favorable. 

Where, howe\cr, actual pernicious symptoms have ap- 
peared, the prognosis is always extremely grave; indeed, an 
entirely favorable prognosis can not be ^ven until at least 
forty-eight hours after the initiation of treatment. Not in- 
frequently the subsidence of one paroxysm may be rapidly 
followed by a second, which, despite all treatment, may have 
a fatal termination. If, however, this paroxysm bo recovered 
from, a favorable prognosis may be given In almost all in- 
stances. Such cases, in the light of the extremely favorable 
results which have been reported by Baccelli, demand the in- 
travenous administration of quinine, 

Miihtrinl Ilimnmjkhinuria. — The prognosis in malarial 
hiemoglobinuria is always grave. Those cases whore the 
attack occurs with the malarial paroxysm are the most favor- 
able in their course, while the post-malarial paroxysms are of 
particularly grave portent. 
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The prognofiiB in the hsemoglobinuria due to qainine is 
also grave, but less so, apparently, than in the last-mentioned 
form. 

Complications. — The prognosis in the various complica- ,' 
tions of malarial fever is influenced only by the fact that the ; 
enfeebled organism of the patient affected by malaria may be 
somewhat less able to resist additional insults than that of the 
healthy individual. Thus a debilitated cachectic is less likely 
to recover from an acute pneumonia than a healthy, vigor- 
ous man. 

Chronic Malarial Cachexia. — The prognosis in chronic 
malarial cachexia is usually good as far as life is concerned if 
the patient be in a position to wholly follow out the advice of 
the physician. Complete recovery usually occurs if the patient 
can be removed to a healthy, non-malarious district. Even in 
the most severely malarious regions judicious treatment will 
do much for most cases. Sometimes, however, without abso- 
lute removal from the malarious surroundings and a complete 
change in the manner of life, little can be done. In these 
cases the patient rarely dies from the chronic malarial cachexia 
itself, but falls a prey to some secondary infection. Secondary 
changes occurring in certain internal organs may lead to grave 
disturbances of function. Chronic nephritis, as has been said, 
may sometimes follow repeated or chronic malarial infections. 

Malarial Xephritis. — As has been said above, there is 
little doubt that grave nephritis, both acute and chronic, 
may follow malaria. In the severe nephritis, particularly that 
following malarial hferaoglobiniiria, the prognosis is always 
extremely grave. In most of the instances of mild nephritis 
occurring in connection with malarial infections of moderate 
severity the prognosis is perfectly good ; \rith convalescence 
from the malarial infection the renal symptoms disappear. 
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In some iiiBtaiicee, however, it is not impoBBible that the 
changes brought about by an acute infection may lead to a 
chronic nephritis with fatal termination. 

Malarial Paral-yses. — The progiioBifl in most malarial 
paralyses is apparently good, certainly in those occurring 
with acute pemicioua paroxysms. In those cases which have 
Bu^ested multiple sclerosis, and in the iuffiresting instance 
reported by Ilastianclli and Biguami which simulated Dubini's 
disease, complete recovery has followed under odniinistration 
of quinine. 

Pmt-inaliir-lal Psychoses. — The prognosis of the post- 
malarial psychoses is generally good. 

Tbeatmest. — The treatment of malarial fever may be 
divided into (a) General moasnrea ; (A) Medicinal treatment. 

(a) General Measures — Rest in Bed. — lu any well-marked 
case of malarial fever it is prudent, if possible, to confine the 
patient to liis bed at least until all febrile symptoms are past. 
This is unfortunately by no means always possible, as those 
who live in malarious districts often regard a chill as a rela- 
tively unimportant affair. The success, however, of treat- 
ment is considerably increased if we can keep the patient 
absolutely quiet for several days. There is a great difference, 
for instance, between the course which a mild tertian infec- 
tion will pursue in an individual who keeps about his business 
anil that in one who is willing to give from several days to a 
week to thorough treatment. Not infrequently the syinptoraa 
06 well as the parasites disappear of themselves after a few 
days' rest in bed even without specific treatment. Generally, 
however, in such instances a relapse occurs. 

Change of Surroundings. — If tlie patient's permanent 
place of residence or business be in a very malarious district, 
it is important, if possible, that he should be removed to more 
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healthy Burroimdinga. Treatment is usually coneiJorably 
more efficacious if the sufferer can seek a high healthy region. 
This ia, however, not an ahsolute neceseity, and in a great 
majority of instanceB judicious treatment is followed by com- 
plete recovery wherever the patient be. It is important, how- 
ever, if he be in a malarious district, that he shoulil sleep in 
the upper part of the house, that he be warned agamet sitting 
out of doors at night during convalescence, and, further, 
that he be prevented, if possible, from fresh exposure to in- 
fection. 

Exposure to Vie Air. — There are regions where experience 
has led the inhabitants to believe, and possibly justly, that 
exposure to the night air or sleeping with the windows open 
is hable to be followed by infection. In such regions the 
traveler may do well to follow the advice of the experienced 
residents. Under ordinary circumstances there ia, however, 
no reason whatever why the malarial patient should be pre- 
vented from exposing himself in a normal manner to the 
fresh air by day or niglit. Certainly in the malarious districts 
ia this country there is no reason to restrain an individual 
from sleeping with his wuidows open if he be used to it, pro- 
vided he is in the upper part of the house. As I have 
observed in a recent article, tliere ia no fever which we know 
to-day which is aggravated by fresh air and open windows, 
provided tbe individual be accustomed to them beforehand. 
There are facts which suggest that it may be imjwrtant to 
protect one's self in a malarious district from the bites of 
mosquitoes or other suctorial insects. It is advisable to sleep 
under a mosquito netting. 

J)Ut. — In the regularly intermittent fevers there is no 
reason to restrict the patient's diet. During the height of 
the paroxysm the invalid will naturally manifest little de^re 
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for food, and there is no reason why he should lie eonipeUed 
to take it. 

In the more severe and continued sestivo-antumnal fevers 
a liquid diet may be given, or a soft diet consisting of broths, 
sonps, inilk, raw or soft-boiled eggs, etc. ; and if there be no 
inteHtinal symptoms, more solid food may be administered, 
particularly if the patient desire it. 

Whore there are marked gastro-intestinal symptoms great 
care must, of course, be exercised with regard to the diet. 
Easily digested liquid foods, snch as boiled or sterilized milk, 
albumen water made from the whites of eggs, broths, and 
Boiipe should alone be administered, 

(/') Medicinal Treatment — Qiiinine.~We are fortunate in 
possessing a true specific against infections with the malarial 
parasites. This remedy was introduced into Euroj>e by Del 
Cinchon, in 1040. The wife of Cinchon, who was the Spanish 
governor of Peru, had recovered from a severe attack of in- 
termittent fever after taking a powder prescribed by a cor- 
reffiilor of Loxa. The remedy had been used in this re- 
gion by the Indians, who had discovered its value in the 
treatment of the malarial fevers. The powder introduced 
into Europe was first known as the " powder of the count- 
ess," and afterward as the "Jesuit's jwwder," as it had 
been brought into general use by the Jcsnita in Rome in 
1649. 

It was prepared from the bark of a Peruvian tree, whence 
the name applied to it for years — Peruvian li'irk. Its offi- 
cinal name— cinchona— is derived from that of Del Cinclioa, 
who introduced it into the civilized world. It was first used 
in the form of pulverized bark, which contains a considerable 
quantity of tannin in addition to various other slkaloidal sub- 
stances: The powdered bark has in great part fallen out of 
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nodj Hb place having been taken bj VarioiiB salts of its active 
alkakMdal principle^ qmnine. 

AeUon qf Quinins an the Malarial Paramte. — ^For cen* 
tnries after the introdnction of qoinine and after its specific 
effect on malarial fever had been discovered the exact mode 
of action remained nnknown. In 1867 Binx * correctly con- 
dnded that the eflScacj of quinine in pahidism depended npon 
its action as a protoplasmic poison npon some lower oiganism, 
which he assumed to be the cause of the process. The ex- 
tremely toxic action of quinine npon the infusoria was at that 
time well known. 

Since the discovery of the malarial paramte various at- 
tempts have been made to study the direct action of quinine 
upon the hsematozoa. Laveran noted the immediate disap- 
pearance of the parasites following the administration of 
quinine, and in 1881 asserted that ^it is because it destroys 
the parasite that quinine causes the disappearance of the 
manifestations of paludism." He showed that by allowing a 
l-to-10,000 solution of quinine to run under the cover glass 
the moyements of the parasite were immediately arrested, as 
they are upon subjecting the organism to any other proto- 
plasmic poison. 

Golgi t studied the action of quinine on the tertian and 
quartan parasites. He observed that after the administration 
of the drug the qnartan organism in its endoglobular stage 
shows a coarser granulation with a metallic reflex, while the 
protoplasm is cloudy. Abortive segmenting forms sometimes 
occur, smaller than the normal sporulating body, with fewer 
and irregularly arranged segments. The pigment also may 
not collect as shaqjly in a clump in the middle of the parasite. 

* Centralblatt f. d. med. Wiss., 1867, p. 308. 
t Deutsch. med. Woch., 1892, 601, 695, 707, 729. 
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In the tertian organism the changes are more noticeable, 
owing to the greater normal activity of the parasite. The 
body becomea round and motionless, and shows a eharper 
outline than tisual, while the pigment has a peculiar metallic 
reflex and tends to collect in clamps. Full-grown tertian 
forms may present a large transparent swollen appearance, 
with very active movements of the pigment granules. Some- 
times the pigment may collect toward the periphery, leaving 
a hyaline space in the middle. 

Mannaberg * observed that three hours after the adminis- 
tration of 0'5 gramme (gr. vijes.) of quinine the amoeboid 
forms of the tertian parasite show a marked diminution in 
their activity. Several hours later the inimher has greatly 
diminished, while many of those present become fragmented, 
resulting in the presence of several separate spheniles in the 
red corpuscle. In the full-grown forms the pigment loses its 
motility while the substance of the parasite takes on a some- 
what refractive homogeneous appearance. Large hydropic 
forins with active pigment may also be seen. These two lat- 
ter forms may occur normally during the paroxysm, as Qolgi 
and Mannaborg have both noted ; they are probably degen- 
erate forms. 

I have also observed iu the case of the tertian parasite 
the somewhat greater refractivencss of the organism, the col- 
lection of the pigment into clumps, and the cessation of active 
movements, as well as tlio presence of a greater number of 
fragmenting forms. 

Romanovsky f and Mannaberg f studied the staining re- 
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f Cent, fnc Bnkt., ieU3, li. Nos. and 7. 310 ; and St. Pet med. Wooh., 
1891, Nos. 34. 3.1. 

X Loe. eil., and Cent. fQr klin. Med., 1801. No. 37. 
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actioiiB of the parasite after treatment with quinine. Both 
obfiervers deseribe a Iosb of affinity for coloring matters in tlie 
chromatin snbstaace of the so-called nndeins. They also note 
that in the segmenting f onn% after quinine has been given, 
the greater number of the segments show no nucleoli These 
changes in the nucleus they believed to be evidence of a 
necrotic process. The segments without nucleolus Mannaberg 
terms ^^ stillborn.'' 

Baccelli * noted that in ffistivo-aatumnal fever, after the 
intravenous injection of quinine^ there was at first an increase 
in the activity of the small amcBboid forms, which, later, 
often inside of twenty-four hours, disappeared without show- 
ing any outward signs of degeneration. 

Marchiafava and Bignami,t who also studied the sestivo- 
autumnal fevers, observed that the administration of quinine 
is followed by an increase in the number of shrunken, 
bras^-colored parasitiferous corpuscles. They believe that 
the included parasites are incapable of further develop- 
ment. 

Experience has shown the correctness of Oolgi's conclu- 
sion, that in tertian and quartan fever quinine acts most 
markedly on the free young segments and spomlating bodies, 
less upon the more advanced forms where the red corpuscle 
is in greater part destroyed, and least upon the young endo- 
globular forms. If quinine be administered several hours 
before the paroxysm, it will not prevent s^mentation, but it 
will destroy the new group of parasites, the fresh segments. 
Segmentation takes place, toxic substances are produced and 
enter into the circulation, and the chill follows, being at most 
a little modified or retarded. The new group of organisms is, 

♦ Deutsch. med. Woch., 1892, No. 32, 721. f ^<^- <^»^- 
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bowever, destroyed, and the parasites disappear from the cir- 
culation. 

Marcluafava and Bignami * arrive at the Bame conclumon 
in the case of the tEstivo-aiitumnal parasite. Tliey state " that 
the maximnm and most rapid action of the remedy ie exer- 
cised on that pliase of the extra-globalar life of the parasite 
which follows the completed seginentation." They confirm 
Golgi's observation that, in the cose of the tertian and quartan 
organisms, the ecgmenfation can not be prevented if qtunine 
be given after the parasite has reached the preparatory stages. 
"Quinine," they say, " acts on the amceba of malaria during 
those phases of its life in which it absorbs nourishment and 
develops ; when the nutritive activity comes to an end, the 
transformation of hiemoglobin into black pigment having 
been accomplislied, and the phase of reproduction begins, then 
quinine becomes inefficacious against this process." 

To prevent the further development of a group of mala- 
rial organisms, quinine should bo in solution in the blood at 
the time of setting free of the fresh parasites — i. e., during 
and several hours before the paroxysm. In tertian or quartan 
fever, moderate regular daily doses of quinine will result in 
the disappearance of the parasites from the peripheral circu- 
lation inside of three days. In ipstivo-autumnal fovor the 
time may be a little longer, Tlio crescentic bodies are affected 
slowly, if at all, by the dnig ; they remain in tlie blood long 
after all other forms of the parasite have disappeared. 

Effecl of Quinine upon the Iliiman Being. —^raaW thera- 
peutic doses produce no subjective symptums. Ijirger dosea 
are, however, followed by ringing in the ears, roaring end 
tinkling noises, and, finally, by marked deafness. Still larger 
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doses may result in ditnining of vision, and, indeed, in oom- 
plete blindness. Sometimes this may begin in one eye^ and, 
indeed, it may remain nnilateral for a considerable length 
of time. The pnpils are nsnally dilated* There is an exten- 
sive literature on the amblyopias following qninine. The sub- 
ject is well discussed by De Schweinitz.* Severe frontal 
headache, with giddiness and staggering gait, delirimn, and 
great muscular weakness, may follow larger doses^ and, 
finally, if still larger amounts be given, convulsions and death 
may occur. 

A variety of cutaneous disturbances may follow laii^ 
doses of quinine. Urticaria is not very infrequent Some- 
times this may assume a most striking morbiliform appear- 
ance, while in other instances a well-marked scarlatinoid rash 
occurs, followed, perhaps, even by desquamation. 

Form, in, which Quinine should be given. Method Ofnd 
Time qf Administratian. — ^The exact form in which quinine 
is to be administered, the manner of administration, and the 
time at which it should be given are extremely important 
points. A neglect of proper consideration of these questions 
is responsible for many instances of relapse, of grave post- 
malarial phenomena, and of chronic malarial cachexia. There 
is scarcely another drug in the pharmacopoeia, unless it be 
digitalis, which is more abused than quinine. The dictum of 
Laveran, ^^ In a general way it may be said that in malarial 
districts far too much sulphate of quinine is given to patients 
who have no need of it, while a sufficient quantity is not 
given to patients suffering from paludism," is well justified. 
The lax way in which it is sometimes given is comparable 
with the manner in which two other equally valuable drugf 



* The Toxic Amblyopias, etc., 8vo, Phila., 189S. 
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mercury and iodide of potaeGium — are misnEed. Owing to its 
very etBcacy, and to the fact tliat a few doses are often fol- 
lowed by complete disappearance of the eymptonia, tlie 
patieot and, unfortunately, sometimes tlie physician, fail 
to recognize the importance of continued treatment; the 
regular i-e^une is abandoned, and relapeee and cachexia fol- 



The following tables, taken from Laveran, show the per- 
centage of quinine in the diiferent salts of the alkaloid, as well 
as their relative eolubility. 
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basic lactate 
basic bfdrobromate 
basic sulpha to 
basic sui;>hoviiinte 
noutrul lactate 
neutral hjdrobroitiata 
neutral sulphatu 
oentral sutphoviiiate 
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1 

1 port of the neutral hydmohl orate of quinine is soluble ii 

" " neutral sulphovinato " 

" " noutral Isi'tale " 

" " bftsiu 9ul|)lio»inate " 

" " neutml hydrobromate " 

" " neutral aulphate " 

" '■ basic lactate " 

" " bosit- hydrochlorate " 

" " bncic hydrobroinate " 

" ~ basic sulphate " 



le, percent. 
81-Tl 
81-61 
78-36 
7860 
7431 
7218 
02'30 
60'67 
5013 
56-20 



3-30 

e'»3 
s-oo 

10-29 
21-40 

45-03 
561-00 



How and in what form shall we give quinine ? 
The drug may be adtninifitered : 1, by tlie mouth ; 3, hypo- 
dermically ; 3, intravouously ; 4, by the rectum. 
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L AdnUnisiraUon qf Quinine hy the Mouth. — Under 
ordinary oiroomstances qniiiiiie is giren by the montliy and, 
unless the symptoms be severe or the stomach very irritable^ 
this is the simplest and best manner of administiatration. 
For such pnrposes the basic snlphate of quinine is generally 
used. This is the most ineapensiye preparation of the dmg^ 
and contains a good proportion of quinine. It is, however, 
extremely insoluble in water. 

The best method of administering the sulphate of quinine 
is in water containing a sufficient quantity of dilute hydro- 
chloric or sulphuric acid to hold the salt in solution. But 
little is required, the druggist ordinarily adding about a drop 
of the dilute acid to 0*065 gramime (gr. j) of the salt The 
taste is very bitter and unpleasant; it may be somewhat 
masked by preparations of ginger. 

Quinine may be given in the form of capsules or pilla. 
The former are better than the latter, though, owing to the 
fact that they are so inexpensive, pills are very frequently 
administered. One should be very careful in prescribing 
pills, particularly in country districts, as quinine pills are very 
often so hard and insoluble as to be of little practical thera- 
peutic value while their adulteration is, alas, only too common. 

2. The Hypodet'mic Use qf Quinine, — The hypodermic 
use of quinine is adapted to those cases where it is impossible 
to give the drug by mouth, or, more particularly, to cases of 
such marked severity that it is desirable to obtain immediate 
effect. De Beurmann and Villejean use the following for- 
mula: 

9 Dihydrochlorate (bimuriate) of quinine 5*0 

Distilled water, q. s. ad 10*0 

One cubic centimetre (tii xv) of this solution contains 0*5 
gramme (gr. vijss.) of quinine. 
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If the dihydrochlorate of quinine is inacceBBible, the sul- 
phate may he used as follows : 

Sulphate of quinine 1-0 

Tartaric acid 0-5 

Distilled water 10-0 

The officinal hixtdphate of ijuinine ie eoluhle in nine or ten 
parts of water, and may be used hypodenuically if a more 
Holiible salt can not he ohtainod. 

An excellent salt for hypodermic nee is the hinvurifUe of 
quinine and u/va, which contains nearly eighty per cent of 
quinine, and is eoluhle in less than its own bulk of water. 

The hypodermic use of quinine may be followed by a cer- 
tain amount of pain, and there is always danger of subsequent 
abscess or necrosis. If the eohition \>e prepared freshly, how- 
over, and the instruments be carefully sterilized, an abscess 
rarely results. The injection should always l>e made deeply, 
well into the subcutaneons tissue. If the needle be too super- 
ficially introduced, so that the solution is injected into the 
deeper part of the skin, extensive necrosis may follow. 

3. 7*^19 Intrai'en/nts Ailinlnistratioii of Quinine. — Bac- 
celH * empliasizes particularly the value of the intravenous 
administration of quinine in pernicious cases. He uhcb the 
following solution : 

DlhjrdroahloraCe of quinine IK) 

('hloride of Eodiutn (H)75 

Dislllled water 100 

The solution should be perfectly clear, and is to be in- 
jected lukewarm. Bacc«lli thus describes the procedure : 
"After the veins of the forearm have been made turgescent 
by means of a circular toumiqnet, we introduce a Pravaa 
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needle from below upward into the Inraen of a rein. Wo 
select a einall one, in order to avoid liffimorrhj^ afterward. 
Generally we are acciistome<l to select one eituated upon the 
flexor Bide of tlie forearm. The syringe holds five enbic centi- 
metres, and is filled according to the dose which is to !« given 
and connected with the needle before its introduction." The 
most rigid antisepsis should be observed. The stab wound is 
closed with collodion after the needle lias been withdrawn. 
I have used this method in several instances with excellent 
result. 

4. The liectal Admini^stration of Qmnirie. — The rectal 
admiuiatration of quinine is unsatisfactory, and need rarely 
be resorted to. Sometimes, however, it may be attempted in 
the case of children. Easily soluble salts must be used. 

Time at which Quinine ah^ndd he given. — It may be re- 
membered that Laveran, Golgi, Mannaberg, and others, have 
demonstrated that quinine acts with the greatest efficacy upon 
the parasite at the time when it is free in the blood as a 
eegroenttng body or a young spore, just before entering the 
red corpuscle. When we consider the close relation existing 
between the development of the parasites and the symptoms 
of tlie disease, we might, it would seem, be justitieil in con- 
cluding that the period just before and during the paroxysm 
would be that at which quinine should liave its best effect It 
has, in fact, Ijeen shown that this is the case. If in one of 
the regularly intermittent fevers quinine Iw given shortly 
before a paroxysm, the course of that individual ])aroxysm 
will he quite nnaSected, and on examination of the blood 
aporulating bodies may lie seen. On the following day, how- 
ever, we fail to find any evidence of half-grown forms, while 
at the time when the paroxysm ought next to occur no symp- 
toms follow. 
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Thna in flie reftwlarly intermittent fevers a single moderate 
(lose of quinine given just before or during the paroxysm ia 
often sufficient to completely terminate the manifestations due 
to tliat group of parasites. By a single dose of quinine we 
may, in double tertian infections, change a quotidian to a ter- 
tian chart, one group of the organisms having been removed 
(i'tf/e Chart No. V, page 118). The same is true in lEstivo- 
autumnal infections, tliough the parasites are much 1cb8 readily 
affected by quinine. 

Treatment of the regularly Intermittent J^evers. — It ia 
best, if pofisiblo, to confine the patient to bed during tlie first 
eevera! days, and to begin immediately regular treatment with 
moderate doses of quinine, 0*13 to 0"325 gramme (gr. ij to v), 
every four hours. It is often wise to administer a single 
larger dose, 0-325 to 0"65 gramme (gr. v to x), just before an 
expected paroxysm, though, if the patient be kept in bed, a 
majority of cases will rapidly recover under doses as small as 
U'13 gramme (gr. ij) every four hours, 

Tho parasites of tertian and quartan fever disappear from 
the blood usually in from twenty-four to seventy-two hours 
after the beginning of the administration of regular doses 
of quinine. If it be impossible to keep the patient under sys- 
tematic treatment for a few days, particularly if he insist upon 
keeping about his business, it may be necessary to give larger 
doses, and to be careful that the largest doses are adminis- 
tered just t>efore or during the paroxysm. In such instances 
it is usually best to give as much as 0325 gramme (gr. v) 
every four hours, and perhaps to administer 0-05 gramme (gr. 
x) before each of the first two expected paroxysms. 

It is surprising how obstinate certain instances of tertian 
and quartan malaria may be in patients who keep on their 
feet and about, when the process ia so rapidly controlled if 
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they are kept quiet aod in bed. After the treatment has 
been continued for several davs or a week and the parasites 
have wholly disappeared from the blood, it is still important 
to continue small doses, 0'4 gramme (gr. yj) in twentj-four 
hours for at least three week& Many obsenrers insist on the 
yalne of larger doses given on the seventh, fourteenth, and 
twentv-first days after the last paroxysm. 

Treatment of the u£stiv(hautumnal Feren. — We should 
always endeavor to keep the patient in bed during the first 
days of treatment In ffistivo-autumnal fever larger doses of 
quinine must generally be administered. We are in the habit 
of beginning immediately with 0'325 granune (gr. v) every 
four hours, and this may often be continued for as much as a 
week, unless it be followed by cinchonism. After this smaller 
doses, 0*4 gramme ^gr. vj) in the twenty-four hours, may be 
given. It is prudent here, if a patient come under observa- 
tion during a paroxysm, to begin treatment with a larger dose, 
0*C5 gramme (gr. xj ; and if after the beginning of treatment 
well-marked paroxysms occur, this dose may be repeated as 
soon as a distinct rise in temperature l^ecomes evident. In 

cases where the symptoms are very severe it mav be necessary 

» 1. • % • 

to give larger doses, though more than one gramme (gr. xv) 
need rarelv ];e administered. It mav, however, be advisable 
to give several doses of this size at intervals of three or four 
hours during a long-continued paroxysm. Usually two or 
three doses at intenals of four hours are sufficient ; afterward 
the quinine may be reduced to 0*325 gramme (irr. v) every 
four hours. 

If there be irrave nerv«>us manifestations, or symptoms of 
collapse suiTi^estinir the p<jssible development of a pernicious 
paroxy-in, or in cases with marked gastro-intestinal disturb- 
ances, quinine should be given hypudenuically or iutrave- 
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nouely in dosea of one gramme (gr. xv). Several such doees at 
intervals of four lioura will ueuallj prevent any further don- 
geroua manifestations from this group of parasites, though it 
may be that a severe and perhaps fatal paroxysm may occur 
witliin forty-eight hours, due to another group of organisms 
wLicli have been unaffected l>y tlie drug. 

Marc^hiafava and Bignami* assert that in very rare in- 
stances tUey have seen a recurrence of the sj-mptoms after 
four or five days of complete apyrexia despite the continued 
use of quinine. These reetirrenceB they t elieve to be due t» 
the awakening of some forms of the parasites which have 
been unaffected by treatment, forms which preserve the infec- 
tion in a latent condition. These successive groups of para- 
sites may, however, be destroyed in the ordinary way by qui- 
nine, and tlie infection eventually eradicated, by means of a 
sort of fractional sterilization, as it were. 

In true pernicious paroxysms the dihydrochl orate should 
be given intravenonsly. Baccelli asserts that the results are 
materially better than those following the hypodermic use of 
the drug. Doses larger than one gramme (gr. xv) are rarely 
necessary. 

Malarial JIimMt/Miinvfia. — Bastianelli's f conelnsions 
with regard to the use of quinine in malarial htemoglobinuria 
are bo good that we shall trespass largely upon them. He 
very justly and emphatically says that " the rational specific 
treatment of liEemoglobinuria is impossible without an accu- 
rate examination of the blood."' 

If the attack occur spontaneously with a malarial par- 
oxysm, the blood showing the presence of imrasitea, qninine 
should be freely administered hypodermically or intrave- 
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nooflly. Yernauay* who reports thirty easee, aaaertB that four 
gFBimiieB hypodennically, in doeee of one gismme every six 
honra^ is nraally BofiBcient to overoonM the manifeHtationa^ 
thou^ he has given as mnoh as from six to ei^t grammes in 
twent j-f onr hours. 

If the parasites have dis^ypeared, either as a resnU; of the 
paroxysm itself or of doses of quinine already f^ven, it may be 
as well to abstain, at least for a limey from the adnunistration 
of the drag. It can not ameliorate the f mrther coarse of the 
paroxysm, and the possibility, if it has been already given, 
that the symptoms may be in part dae to qainine may be 
thooght of. 

• If an attack arise in the middle of an ordinary malarial 
infection, after the taking of quinine, it is best to abstain for 
a time, at any rate, from the further use of the drug. That 
which has been given may have been enough to control the 
affection. 

If, however, in an attack coming on after quinine, the 
parasites continue to develop, quinine should be again admin- 
istered despite the slight possibility of its injurious action. 
The dangers from the further development of the parasite are 
probably the greater. 

In post-malarial hsemoglobinuria quinine is, of course, use- 
le88.t 



* Gaz. d. osp., 1895, xvi, 235. 

t The differences of opinion which exist in different parts of this country 
with regard to the advisability of the use of quinine in malarial ha^moglobi- 
nuria are notorious. They probably depend upon the fact that the term 
"malarial hopmoglobinuria " covers a number of varying conditions. No 
one, I think, bolicves that quinine has any beneficial effect on ha:moglobi- 
nuria as such ; it acts favorably only in so far as it removes the cause, which 
it does if that is an acute malarial infection. Quinine, probably, never 
shortens an attack of ha^moglobinuria once begun, but it prevents a recur- 
rence. Some malarial hiemoglobinurias, as Plehn and others have shown, 




TRELVTMENT. 

Conira-indieationa to Quinine — Cinchonism.- 
itidividuala are very suBceptible to quinine, disagreeable 
Bjniptoraa being produced by eurpriBinglj Bmall doeea. It ia 
not infrequent for tlie physician to meet with persona who 
aasert that they "can not take quinine." It must be stated, 
however, that the majority of tlieae complaints are based 
upon the fact that the drug has been administered in injudi- 
ciously large doses. Many patients who experience very severe 
and annoying symptoms from ten groins of quinine may take 
smaller and sufficiently efficacious doses without any disagree- 
able effects. I have never observed but one ease in which it 
was impossible to administer doses of quinine sufficient to 
control ordinary malarial infections. This instance occurred 
in a colleague, formerly one of the resident physicians in this 
hospital. Very email doses of quinine or other cinchona 
derivatives produced witli him the most distressing symptoms. 
Thus 0'13 gramme (gr. ij) of the sulphate of quinme were fol- 
lowed in half an hour by a feeling of oppression in the epi- 
gastrium, nausea, and vomiting. This was rapidly succeeded 
by a hot, pricking sensation over the entire skin and an 
intense erythema. On one occasion tliere woe a deep scar- 



are followed by spootaneoDa rccoTcrj, soove — the mftjorit; in some diatriaU, 
perliOEie — nre tnily poat-m&larial in nature, the immediate exciting chum 
bping unknown. In both of those conditions quinine is unnecessary. But 
wliilo in mtiny o( these instances quinine is of no use, there is littio to prove 
that its judlcions employment ia harmful eiceptinR in the very rare instanow 
of true quinine hwrnog-lobimiria. The microscope witl always girc us the 
clow to proper treatraent. But what are wc to do when wc are ealled to a 
case of hicmoglobiniiria in a malarial patient under conditions anch that we 
cau not fail liack upon the microscope t The safest answer would appear to 
be: It there be any reason to believe that there is slill an active malarioJ 
infection, quinini' .should be administered. 

A careful study of the hiFmoglnbinuHas nf the -South in the light of 
the recent advances in our knowledge of the malarial fcren is urgently 
demuodcU. 
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latinoid rash, lasting for hoars, and followed by desquamation. 
Again, after 0*2 gramme (gr. iij) of salicylate of cinehonidia 
there was a most intense general urticaria. 

Cases of this natore are rare, and there are probably few 
individuals in whom the susceptibility to quinine is so marked 
that the drug can not be introduced in proper doses. It is 
sometimes necessary, however, on account of the prejudice in 
the mind of the patient, to introduce quinine in some un- 
familiar form. 

Other Cinchona Derivatives, — Other cinchona deriva- 
tives — cinchonin, cinchonidin, quinidia, and quinoidia — ^have 
been recommended. Their efficacy, however, is far below 
that of quinine, and the occasions for their use are limited. 

Methylene Blue, — This drug has been of late years con- 
siderably used in the treatment of malarial fever. Its em- 
ployment was suggested by Guttmann and Ehrlich in 1891.* 
These observers were led to their experiments by the obser- 
vation of Celli and Guamieri that tlie malarial parasites might 
be stained while vet alive by this 6ii])8tance. It was noted 
that the drug in moderate doses exercised a marked effect 
upon the malarial process, and subsequent observers have con- 
finned these results. In a considerable number of instances 
the fever disappears and the parasites are no longer to be 
found in the blood. Further observations have, however, 
shown that it is far less efficacious than quinine, while from 
our cases f it would appear that the parasite may acquire a 
tolerance of the drui'. 

In mild cases it may be f:^iven in capsules in doses of 0*13 
gramme (gr. ij) every four hours. Larger doses have been 



* Beri. klin. Woch., 1891. 

f Johns Hopkins EIosp. Bull., 1892, 49. 
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giron without ill effect, as tnncli as three grammeB (gr. xlv) in 

twenty -four hours. 

Occasionallj tlie adminiBtration of the dmg may be fol- 
lowed by distressing symptoms of atraiignry. These may, 
however, be prevented by the administration of small (Quan- 
tities of powdered nutmeg. After ingestion of methylene 
blue the urine has a det-p-blue color, while the faices become 
blue after exposure to the air. The drug is far less efflcaclons 
than quinine, and the occasions for its use are probably very 
few, 

I'heiwcoU. — In Italy the hydrochl orate or acetate of 
pbenocoll, a derivative of phenacetine, has been used in the 
treatment of malarial fever with apparently some suei^ess. It 
has been pai-ticularly advised in the treatment of malaria in 
children ; the dose for an adult is about one gramme (gr. xv). 

Other lieinediea. — Numerous other drugs have at one time 
or another been used in the treatment of paludism. Coeahie, 
atnjohnine, a^ilpkitr, arsenic, alum, preparations of euccJyj>tna 
and helianthm, have all been used. None are of any real 
value excepting arsenic, which will be spoken of later. 

In conclusion, it may l>e wise to emphasize the fact that in 
quinine we have so efficacious a remedy that unless its admin- 
istration be actually impossible it is quite unnecessary to search 
for other means of arresting the disease. 

Further Treatment, — Besides the treatment by the specific 
drug, there are numerous manifeetatioiis, as in any infectious 
disease, which call for symptomatic treatment. 

For a long time the value of purging has been insisted 
upon by many oliservers, and it is not impossible that the old 
method of initiating the treatment of malarial fever by a 
mercurial purge may be good practice. In eases where tliere 
are grave intestinal symptoms it should, however, be avoided. 
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VomMnff and purging during the paroxysm, if aevere^ 
ahonld be controlled by morphine administered hypodannically. 

.Eimtemeni and aetim Mirtum during the febrile period 
may also require the use of morphine. 

In eoUajMS oocnrring during a pernicious parosgrsm active 
stimulation must be resorted to. Alcohol, strychnine, and 
ether may be freely administered hypodermically. In the 
algid forms external heat should be applied and subcutaneona 
or intrayenons infusions of physiological salt solution may be 
given. Large enemata of warm water or salt solution may be 
of asistance. 

Oontinued high/ever calls for cool sponging or an actual 
cold tub bath. 

The anosmia^ one of the most serious post-malarial symp- 
toms, often demands active treatment In these cases iron 
and arsenic are our main-stays. In most cases iron alone is 
sufficient, and may be given in the form of Blaud's pills, or as 
the tincture of the chloride in full doses. In severe cases and 
in all obstinate post-malarial ansBmias arsenic is often very 
efficacious. It is generally administered in the form of Fow- 
ler's solution. One may begin with doses of three drops three 
times a day, and increase the dose steadily one drop every 
other day until the physiological effects — sufiEusion and in- 
jection of the conjunctivse, diarrhoea, or gastro-intestinal 
symptoms — are observed. The drug may then be omitted, 
and after a few days' rest begun again at a lower level, and 
increased slowly to the highest point at which it may be main- 
tained. Some very grave anaemias which simulate pernicious 
anaemia yield under arsenic where iron has but little effect. 
The possibility, though the occurrence is rare, of inducing a 
peripheral neuritis by continued treatment with arsenic is not 
to be forgotten. 
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CJironic M<darial Cachexia. — The treatment of chroaic 
malarial cachexia is often a very difficult matter. For acute 
malarial symptoms when parasites are present in the blooJ, 
vigoroQs treatment with quinine should be at once instituted. 
It is important, if possible, in all tliese cases to remove the 
patient to a healthy region. While, generally, prolonged and 
judicious treatment will result 'm recovery wherever t!ie pa- 
tient be, yet there are instances in which little headway ia 
made without removal to more healthy regions, while in tlie 
meantime the patient ia subject to all manner of secondary 
infections. The invalid should be kept quiet ; all undue ex- 
ercise should be forbidden ; the diet should be nourishing and 
simple. The patient should be allowed to be as much as pos- 
sible in the fresh air and in the sun, providing It be not too 
hot. Bitter tonics, particularly stryelmine, are often of value. 

The aniemia should be treated particularly by arsenic. 
Indeed, in cases of long- continued malarial cachexia more 
beneficial results are to be obtained through arsenical treat- 
ment than by any other steps, excepting the removal of the 
patient to healthy regions. A very considerable proportion 
of the cases of malarial cachexia owe their origin to the care- 
lessness of the patient, who does not carry out proper treat- 
meTit with quinine, and fails to observe ordinary prophylactic 
precautions. 

I'mt-mnftirial iVfyArtVw.^There is nothing special to be 
noted with regard to the treatment of nephritis following 
malaria. 

CimiplicatioiiB. — In the treatment of any process compli- 
cating malaria the first fltep should always be to put an end to 
the malarial infection by the proper use of quinine. The 
complicating process may then be treated according to the 
usual methods. 
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Pbofhtlaxis. — ^We can not enter here into general public 
prophylactic mearareB^ which are well discoflsed in a recent 
article by Gnttmann.* There are, however, certain steps 
which one can and should take if he expect to be exposed to 
infection. If it be necessary for one to visit notorionsly ma- 
larions districts, let him, as &r as posable, choose the season 
at which the fevers are less prevalent Let him select his 
dwelling upon high and dry gronnd. Let him avoid exposure 
at ni^t in damp or marshy districts. Let him choose sleep- 
ing apartments in an upper story of the house. Let him 
always sleep under a mosquito netting. 

It may be wise to boil drinking water, despite the &ct 
that all experimental evidence speaks against the possibility 
of infection by this method. 

Bepeated observations tend to show that small doses of 
quinine taken continually are very efficacious from a prophy- 
lactic point of view. Monti f has recently reported good re- 
sults from the administration of the sulphate of quinine in 
doses of 0*4 gramme (gr. vj) every other day. 

Sezary, ^ in Algiers, believed that a smaller quantity, 0'13 
gramme (gr. ij) daily, was sufficient protection. 

• Vrtljhrechr. f. gerichtL MecL, 1895, 163. f Qp. eU. 

X M^ecine mod., 1892. 
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DESCKIPTION OF THE PLATES. 



The dravringa * were made with the assistance of the camera 
lucida from Bpecimens of fresh blood. A Wiiikel microscope, ob- 
jective one fourteenth (oil immersion), ocular four, was used. 

Figs. 4. 13. 23, find 24 of Plate I, and Fig. 18 of Plate II, were 
drawn from fresh blood, without the camera lucida 

PLATE I. 
The Paribite oc Teetian Fevbr. 

1. Normal red corpuscle. 

2, 3, 4. Young hyaline foms. In 4 a corpuscle contains three dis- 

tinct parasites. 

5. 21. Beginning of pigmentation. The parasite was observed to 

form a true ring by the confluence of two iiseudopodia. Dur- 
ing- observation the body burst from the corpuscle, which be- 
came decolorized and diimtipeared from ^-iew. The porasitA 
became almost immediately deformed and motionless, as shown 
in Fig. 21. 

6. 7. 8. Partly developed pigmented bodies. 
11. Full-grown body. 

10-14. Segmenting bodies. 

15. Form simulating a segmenting body. The significance of these 
bodies, several of which have been observed, is not clear to the 
writer, who has never met with similar bodies in stained speci- 
mens no as to be able to study the structure of the individual 
segments. Tliey are possibly segmenting bodies which have 
undergone some changes in the preparation of the specimen. 

16, 17. Precocious segmentation. 

18, 19, 20. Large swollen and fragmenting extra-cellular bodiea. 
33. Flagellate body. 
23, 24. Vacuolization. 

" The writer desires hero to express bis grstiludo to Mr. Broedel for his 
admirable work. 
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PLATE IL 
The Parasite of Quartan Feykr. 

1. Normal red corpuscle. 

2. Young hyaline form. 

3-10. Gradual development of the intra-corpuscular bodies. 

11. Full-grown body. The substance of the red corpuscle is no 

more visible in the fr^h specimen. 
12-15. Segmenting bodies. 

16. Large swollen extra-<5ellular form. 

17. Flagellate body. 

18. Vacuolization. 

PLATE m. 
The Parasite op ^stivo- autumnal Fever. 

I, 2. Small refractive ring-like bodies. 
3-6. Larger disk-like and amoeboid bodies. 

7. Ring-like body with a few pigment granules in a brassy, shrunken 
corpuscle. 

8, 9, 10, 12. Similar pigmented bodies. 

II. Amoeboid body with pigment. 

13. Body with a central clump of pigment, in a corpuscle showing 
a retraction of the haemoglobin-containing substance about the 
parasite. 

14-19. Larger bodies with central pigment clumps or blocks. 

20-24. Large bodies with central pigment blocks — presegmenting 
forms. 

25-28. Segmenting bodies (from the spleen). Figs. 21-23 represent 
one body wliere the entire process of segmentation was observed. 
The segments, eighteen in number, were accurately counted be- 
fore separation, as in Fig. 27. The sudden separation of the 
segments, occurring as though some retaining membrane were 
ruptured, was observed. 

29-37. Crescents and ovoid bodies. Figs. 34 and 35 represent one 
body wliich was seen to extrude slowly, and later to withdraw 
two rounded protrusions. 

38, 39. Round bodies. 

40. Pseudo-gemmation, fragmentation. 

41. Vacuolization of a crescent. 

42-44. Flagellation. The figures represent one organism. The 
blood was taken from the ear at 4.15 P. M. ; at 4.17 the body was 
as represented in Fig. 42 ; at 4.27 the flagella appeared ; at 4.33 
two of the llagella had already broken away from the mother 
body. 
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45-49. Phagocytosis. Traced by Dr. Oppenheimer with the camera 
lucida. 

Note. — These plates, produced here by permission, are essentially the 
same as those published in The Malarial Fevers of Baltimore, Thayer and 
Hewetson, Johns Hopkins Hospital Reports, vol. v, 1895, and in the article 
of Professor Welch in A System of Practical Medicine by American An- 
thers, New York, Lea Brothers & Co., 1897. To the original plates, how- 
ever, four drawings, Nos. 21-24 of Plate III, have been added, while other 
slight changes have been made in Plate I. The figures have been well 
reproduced by Prang from the original drawings in the shape of three 
plates, instead of two as previously. 
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CompIicationB, intestinal, 204. 
pfognofiis in, 290. 
pulmonary, 202. 
treatment of, 811. 
Convulsions in pernicious fever, 150. 
Corpuscles, rod, areas of degeneration 
in, 11. 
changes in, 185. 
crenated, brassy colored, 18, 66, 67, 68, 

267. 
destruction of, 156. 
colorless, 186. 
Crescentio bodies. See PAiuaiTEs, 

.fiSTIVO-AUTUMNAL. 

Cultivation, effects of, on malarial fever, 89. 
Cutaneous manifestations during parox- 
ysm, 107. 

Delirium in pernicious fever, 150. 

Diagnosis, 272. 

Diarrhoea, 288. 

Diet, 292. 

Digestive tract as atrium of infection in 
malarial fever, 98. 

Distribution of the malarial fevers, varia- 
tions of, 92. 

Dr^nage, effects of, on malarial fever, 89. 

Dubinins disease, 196, 291. 

Dysentery, 204, 288. 
amuebic, relation of, to malarial infec- 
tion, 92. 
"malarial," 201. 

Endocarditis, gonorrhceal, 278. 
Eucalyptus globulus, 90, 809. 
Exanthemata, 288. 

Fever. See Paroxysm. 
Fever (febrile stage of paroxysm), 105. 
catheter, 276. 
Ch agree, 83. 

malarial, feMtlvo-autumnal, 17, 180. 
blood in, 160. 
clinical picture of, 140. 
diagnosis of, 279. 
projrnoHis in, 2Sy. 
siniilarity of, with typhoid fever, 

140. 
tertian type of, 184. 
treatment of, 804. 
with longer intervala, 184. 



Fever, malarial, anatomical changes fol- 
lowing repeated or chronic in- 
fections, 224. 

occurring in acute malarial infec- 
tions, 212. 
clinical description of, 97, 
complications of, 200. 
congenital, 95. 
continued, 186. 

due to tertian parasites, 116. 
cycles of severity of, 92. 
distribution, 82. 
endemic seats of, 82. 
general conditions of prevalence, 88. 
intermittent, pathogenesis of, 245. 
irregular, due to tertian parasitea, 116. 
pathogenic agent of, 5. 
pemiciouB, 145. 

algid, 151. 

bilioua, 158. 

cause o£^ 146. 

choleriform, 168. 

comatose, 148. 

diagnosis of, 284. 

gastralgic, 154 

hffimoglobinuric, 154. 

haemorrhagic, 152. 

pneumonic, 154. 

sudoriferous, 158. 

treatment of, 804. 
post-operative, 206. 

diagnosis of, 286 
poAt-partum, 206. 

diagnosis of, 286. 
pulmonary complications of, 808. 
quartan, 12, 119. 

diagnosis, 272. 

distribution of, 119. 

double infections, 125. 

parasites of. ( See Parasfts, Quas- 

TAN.) 

single infections, 119. 

triple infections, 127. 
quotidian, 118, 127, 182. 
regularly intermittent, 108. 

prognosis in, 288. 

treatment of, 808. 
relations of types of, to aeasoos, 84, 

130. 
remittent, 186. 

diagnoeia of, 279. 
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description of, 81, 
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dkgnoide of, 286. 


in pornlfious malaria, 188. 


distribntion of, IM. 


Liver, cirrhosis of, MB. 


pn^oaiB in, I9B. 




H trcMmcni of, nos. 


in chroaio malarial infoctlona, 827. 


■ tjpc* of, 1G3. 


in malBrial hemoglobinuria, 291. 
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" Malaria," misuse of term, 1, 4. 


■ quinine, 102. 
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Masked malaria, 178. 

Mental diseases, 197. 

Moisture, influenoe of, on malarial ferer, 
86. 

Moeqoito as agent in malarial infection, 
94. 
as extra-oorporeal host of malarial para- 
sites, 94. 

Munniir, splenic, 107. 

Necroses, focal, 218, 238, 252. 
Nephritis, malarial, 181, 192. 

dia^oeis of, 287. 

prognosis in, 290. 
Neuritis, peripheral, 196. 
New York, deaths from malarial and 

typhoid fever in, 8. 
Nutmeg, 809. 

Occupation, relation of, to malarial infec- 
tion, 98. 
Orchitis, " malarial," 201, 206. 
Oscillaria malariie, 82. 
Ovoid bodies. See Pasasitxs, ^smro- 

AUTUMKAL. 

Pain in bones, pathogenesis of, 256. 
Paimella as pathogenic agents of malarial 

fever, 6. 
Paralyses, malarial, 195. 

prognosis in, 291. 
Paralysis, bulbar, in malarial fever, 150. 
Parasite, sstivo-autumnal, 16, 61. 

accumulation of, in internal organs, 
18, 62, 140-148. 

aggregation of, in groups, 18, 61, 68. 

anticipation and retardation of, 64. 

crescontic and ovoid forms of, 19, 70. 

cycle of development of, 19, 68. 
length of, 19, 23, 62. 

description of, 61. 

development of, in internal organs, 
21. 

flagellate forms of, 72. 

flagellation of, in stomach of mos- 
quito, 80. 

fragmentation of, 73. 

inoculation of crescentic forms of, 75. 

multiple groups of, 64. 

pseudo-gemmation of, 78. 

reaction of, to quinine, 78. 



Parasites, estivo-autamnal, resistaooe 6t 

crescentic and ovoid fonns ot, to 

quinine, 20, 78. 
ring-shaped forms of, 18, 65. 
round bodies of, 72. 
segmentation of, 18, 67. 

crescentic forms of, 19. 
significance of crescentic and ovoid 

forms of, 20, 78. 
stuning reactions of, 77. 

of crescentic forms of, 77. 
vacuolization of, 78. 
varieties of, 21. 
of birds, 82. 

malarial, classification of, 82. 
concision of segmenting forms with 

blood platelets, 84. 
crescentic forms of, 9. 
cultivation of, 26. 
description of, 42. 
development of, within phagocytes, 

270. 
discovery of, 8. 
finer structure of, 24. 
flagellate forms of^ 10. 
flagellate bodies, attempts to stain, 

54. 
nature of, 78. 
inoculation of, 28. 
karyokinesis in, 25. 
marguerite-like forms of, 12. 
non-pigmented forms of, 11. 
nucleolus of, 24, 25. 
nucleus of, 24, 25. 
nature of spores of, 81. 
ovoid forms of, 9. 
portal of entry of, into system, 98. 
preservation of, in leeches, 27. 
reproduction of, 81. 
ring-shaped forms of, 18, 48, 65. 
round forms of, 10. 
stability of types of, 80. 
unity or multiplicity of, 28, 24. 
variation in distribution of, 146, 212. 
varieties of, 22. 
malignant tertian, 28, 68. 
nature of extra-cellular form of, 50. 
quartan, 12, 56. 
description of, 56. 
distinction of, fh>m tertian parasitea, 

59, 278. 
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Rvtiiarks. introductory, 1. 


140. 
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in maluiai fever. M. 
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Soaaons, eflwt of, on inalorisl fever, 88. 


Phieocylfl«l« iu quartan fever, 126, BM. 




_ In tertian ftvor, 112, 284. 


Soquele, 183. 
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Soilf interference with, effects of, on mala- 
rial fever, 89. 
Spleen in acute malarial infootiona, 215. 

in chronic malarial infeotiona, 224. 

in malarial hemoglobinuria, 222. 
Stain, Romanov8ky% 40. 

Geppener^B modification of, 41. 
Staining, methods of, 87. 
Statistics, vital, 8. 
Strychnine, 809. 
Subcontinua biliosa, 158. 

typhoidea, 141. 
Sulphur, 809. 

Suprarenal capsules in acute malarial in- 
fections, 221. 
Sweat, toxicity of, in malarial fever, 251. 
Sweating stage of paroxysm, 108. 

Table, parallel, of characteristic features 
of continued malarial and ty- 
phoid fever, 281. 
parallel, of characteristics of tertian and 

quartan parasites, 278. 
of percentage of quinine in different 

salts, 299. 
of solubility of different salts of qui- 
nine, 299. 

Test, therapeutic, 2, 279, 281. 

Tick, cattle, 94. 

Time of duy, effect of, on malarial fever, 
83. 

Tonsillitis, 209, 288. 

Toxines of malaria, nature of, 258. 

Treatment, 291. 



Treatment, general, 291. 

medicinal, 298. 
Tuberculosis, 205, 288. 

pulmonary, 274, 288. 
Types of malarial fever, relations of, to 

the seasons of the year, 84. 
Typhoid fever. See Fxvxb, Ttphoid. 

Urine, 176. 

acidity of, 177. 

albumen in, 181. 

amount of, 176. 

bases in, 180. 

chlorides in, 179. 

color of, 177. 

diazo reaction in, 182. 

injection of, into animals, 248. 

iron in, 181. 

nitrogen in, 178. 

peptone in, 181. 

phosphates in, 179. 

potassium in, 180. 

sodium in, 180. 

solids of, 178. 

specific gravity of, 178. 

sulphates in, 179. 

toxicity of, in malarial fever, 248. 

urea in, 178. 

uric acid in, 179. 
Urticaria, 107, 298. 

Water, drinking, relation of, to malarial 

infection, 90. 
Winds, intiuence of, on malarial fever, 89. 



FINIS. 



A TEXT-BOOK OF 
GENERAL SURGERY. 

By dr. HERMANN TILLMANNS, 

Profesior in the Ualvaaltj of Lelpeic. 

VOLUME I. 
TJk IHneipUt of Surgiry aid Surgical Bilhaloffg. Goneral Rules gdveroing Opei»- 
tions and the Application of DreasJDga. Tranalutud Irom the tbird Qennon 
edition by Joim Bookbs, M. D., and Behiaiuh T, Tiltom, M. D, With «l 
UluatrBldunB. 

VOLUME n. 
JUjionai Svrjery. TmnitlBted from the fourth QemuiD edition b; Behiahln T- 
TUTOM, U. D., Nen York. With IIT Uluetmtions. 



otli, W.OOi sheep, 46.00 per volmn 
BOLD OULT BT aVBSCBIPTIOS. 



iMiNK TiLLHANxn, rrofcnor of Surgery in the Coiverslty of Leipsio, 

I a teaohor thoau rare qualities whioli enable him to inatruot the itudent, 

by atcp, beginniait by the Inyinaof a tlnn, bmad roandiitjon, upon which ia buUt 

K)lld aurgi-' — ■■ - ■ ' -■- -S- ' ------ - -- 



author thnC hia work woa aclcoted aa the best for th 
time well adapted to the noeda of the pmctitioner. 

-, as preaonMd in the preacnt VDluinos, 



IIS, u> • traoHlation of bis vorka on 

. IQd OD RiOlONAt, RltBOKRT. UfthS 

liicb will aoon be on preoa. 

PATHOumr, ia lar^iely dBTOtedtOths 

^ — jrlle a solid aunrfoal atruclure. Th'- 

not only to general aurAotl operations, but alio to nil auivical oondltion. 
irk envera the entire field of general surgery and of aurgioai dlsearc', d(~"~ 
much with Hpeolal operationa aa with the condltiona which nhouid g 



Omi 

latter there are (wo volumea, the acooiid 

VoLUUEI, QutERiLSuBOIBTiHOSm , ^_.^ 

enpoaition of the Bsaonlial principios which underlie a solid aunrfoal utrudura. This 
— piles not only to general aurijioil ,",'"'' 

le work envera the entire field of general surgery and ol 



The work envera the entire fiel3 of general surgery and of aurgioal Slseaw, dealing 
Dot no much with Hpeolal operationa aa with the condltlDna which nhouid Eovem 
tbemi — (lencml diroccions for their perfbnnance, after- Crealment, and the etiology, 
patholi^, and treatment of the Tuioua aurglcal diseanea. 

VoLinra 11, Keoioh»l 8«borb», is devoted to the Bunrery of the head, neck, tho- 
rax, and spiDD and apinal cord ; including in the firU dieuion tnjuiiea and diaeaaaa 
ot'thc Kcalp, of tlie omnhtl bnnea, of the bmin and lu adneia, of the tars, of the 
noTC and naaalfnaaa, of the Java, of the mouth, &ucos.anJ pharynx, of the ear, and 
of the «li vary glands. The tteand dintion includes Iniuriea and eurEical diiMaact 
of the neck, of the larynx and trachea, and of the cBsophagu*. The third dieinon 
Govera iqjurle!i and dlBeasea of the thomx and of the hean ; and tha/ourtA ilintiott 
treats of the surgery of the apiao and cpSaal oonl, iucIudinK defunnitiua, frai-tur«a, 
gunshot ii^juries, tumors, etc. 

The list of subjects is so flill that it includes even the great Hurgical ratitlea, 
end the descriptions are <>iiiBdcntly mmjilete to save the reader from the necessity 
of oonaultlng other worka to obtain Ihu knowledge nccessar}' tfl underatand and to 



k 



D. APPLETON AND COMPANY, NEW YORK. 



A New, Thoroughly Revised, and Enlarged Edition of 

QUAIN'S 
DICTIONARY OF MEDICINE. 

BY VARIOUS WRITERS. 

Edited by Sir RICHARD QIJAIN, Bart., M. D., LLD., etc.. 

Physician Eztxaordinary to Her Miyesty the Queen ; Consulting Physician to the Hoq»ital 

for Diseases of the Chest, Brompton, etc. 

Assisted by FREDERICK THOMAS ROBERTS, M. D., B. Sc., 
Fellow of the Royal College of Physicians, etc ; 

And J. MITCHELL BRUCE, M.A., M. D., 
Fellow of the Royal College of Physicians, etc 

With an American Appendix by SAMUEL TREAT ARMSTRONG, Ph. D., M. D., 
Visiting Physician to the Harlem, Willard Parker, and Riverside Hospitals, New York. 



IN TWO VOLUMES. Sold only by subscription. 



This work is primarily a Dictionary of Medicine, in which the several diseases are 
fully discussed in alphabetical order. The description of each includes an account of 
its etiology and anatomical characters ; its symptoms, course, duration, and termi- 
nation ; its diag:nosis, pro^osis, and, lastly, its treatment. General Pathology com- 
prehends articles on the origin, characters, and nature of disease. 

General Therapeutics includes articles on the several classes of remedies, their 
modes of action, and on the methods of their use. The articles devoted to the subject 
of Hygiene treat of the causes and prevention of disease, of the agencies and laws 
affecting public health, of the means of preserving the health of the individual, of the 
construction and management of hospitals, and of the nursing of the sick. 

Lastly, the diseases peculiar to women and children are discussed under their 
respective headings, both in aggregate and in detail. 

The American Appendix gives more definite information regarding American 
Mineral Springs, and adds one or two articles on particularly American topics, be- 
sides introducing some recent medical terms and a few cross-references. 

The British Medical Journal says of the new edition : 

'•The original purpose which actuated the preparation of the original edition 
was, to quote the words of the preface which the editor has written for the new edi- 
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means of ready reference to the accumulated knowledge which we possessed of scien- 
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its scattered records.' The scheme of the work was so comprehensi\-e, the selection 
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... In preparing a new edition the fact had to be faced that never in the history of 
medicine had progress been so rapid as in the last twelve years. New facts have been 
ascertained, and new ways of looking at old facts have come to be recognized as true. 
. . . The revision which the work has undergone has been of the most thorough 
and judicious character. . . . The list of new writers numbers fifty, and among them 
are to be found the names of those who are leading authorities upon the subjects 
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